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Under fire, the performance of men and machines depends on what they are made of. United States Steel 
makes the materials for the machines, whether it’s a very tough armor plate, or heat-resistant alloy, or Stainless Steels. 


You might be interested in some of the USS steels developed specifically for aircraft and missiles: 

USS Strux, an alloy steel with close to 300,000 psi tensile strength primarily for aircraft landing gears; 

USS Airsteel X-200, an air-hardenable alloy steel with 230,000 psi yield strength for aircraft sheet and missile 
applications; USS 12MoV and USS 17-5 MnV Stainless Steels for high-speed aircraft and missiles; 


Stainless ‘‘W", a precipitation-hardenable Stainless Steel. 


New special metals, new methods for making them, present an 
exciting challenge. Men willing to accept this challenge—civil, 
industrial, mechanical, metallurgical, ceramic, electrical or chemi- 
cal engineers—have a future with United States Steel. For details, 
just send the coupon. 


United States Steel 


USS is a registered trademark 


United States Steel Corporation 
Personnel Division 

525 William Penn Place 
Pittsburgh 30, Pennsylvania 


Please send me the booklet, ‘Paths of Opportunity.” 


Address 


City Zone _ State 
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RCA REPORTS TO YOU: 


NEW ELECTRONIC CELLS 
FIT THE EYE NEEDLE 


Basic building block for compact, 
electronic “thought savers” will 
serve you in your office, in 
defense — someday, in your home 


@ Today, science not only is working on labor-saving 
devices—but on thought-saving devices as well. 

These “thought savers” are electronic computers 
—wonder-workers that free us from tedious mental 
work and are capable of astoundingly rapid compu- 
tations. Naturally, the more compact these computers 
can be made, the more applications they can have. 
Not only in industry, defense and research—but in 
the office and ultimately in the home. 


“Squeezing” exacting components 


A big advance has recently been made by RCA 
research towards making these “thought savers” 
smaller than ever before, for broader than ever use. 


Take, for example, the new “logic” circuit which 
actually fits in the eye of a needle. It is a new 
computer component developed by RCA. 

Today, the electronic functions of this micro- 
miniature device require a whole fistful of wires, 
resistors, transistors and condensers. 

These tiny units will calculate, sort, “remember,” 
and will control the flow of information in to- 
morrow’s computers. Yet they are so small that 
100,000,000 of them will fit into one cubic foot! 

Cutting computers down to home size 
This extreme reduction in size may mean that some- 
day cigar-box-size electronic brains may help you in 
your home—programming your automatic appli- 
ances, and keeping track of household accounts. 

Remarkable progress in micro-miniaturization is 
another step forward by RCA—leader in radio, tele- 
viston, in communications and in all electronics —for 
home, office, and nation. 


Needle’s eye holds electronic “brain” cells — Photograph shows how 
new RCA “logic” element can be contained in the eye of a sewing needle. 


RADIO CORPORATION OF AMERICA 


THE MOST TRUSTED NAME IN ELECTRONICS 
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for talented engineers 


Engineer C. A. Booker and Technician L. G. Szarmach run an optimizing control test 
to achieve the highest profit rate for a simulated chemical distillation process. 


The New Products Laboratories help 
the Westinghouse engineer verify his theories 


The engineer at Westinghouse can rely on the New 
Products Laboratories to help verify his theories. These 
laboratories at Cheswick, Pennsylvania, contain a group 
of advanced engineering development personnel who 
can converse in both the language of the fundamental 
scientist and of the designer. 

These laboratories, through their diverse scientific 
activities, aid the work of engineers in all departments 
of the corporation and provide a means to convert theory 
into proven equipment. Among the many projects which 
have come into being through the New Products Labora- 
tories are thermoelectric power generation, thermoelec- 
tric refrigation, ultrasonic cleaning, and OPCON, a new 
concept in process control systems. OPCON (optimizing 
control) has proven successful in the chemical processes 
industry. Other possible applications include the petro- 
leum, steel and paper industries. 

The young engineer at Westinghouse isn’t expected 


to know all the answers . . . our work is often too 
advanced for that. Instead, his abilities and knowledge 
are backed up by specialists like those in the New 
Products Laboratories. 

If you have ambition and ability, you can have a 
rewarding career with Westinghouse. Our broad product 
line, decentralized operations, and diversified technical 
assistance provide hundreds of challenging opportuni- 
ties for talented engineers. 

Want more information? Write today to Mr. L. H. 
Noggle, Westinghouse Educational Department, Ard- 
more and Brinton Roads, Pittsburgh 21, Pennsylvania. 


you can SURE...1F ITs 


Westinghouse 


THE CORNELL ENGINEER 


When writing to advertisers please mention the ConneLL ENGINEER. 


Westinghouse is the best p 
} | 
3 
| 2 
. 
| | 
: 


United Air Lines pilots review flight plan calculated by Bendix G-15 Computer at UAL's Operating Base, Denver, Colorado. 


BENDIX COMPUTERS... AND HOW TO FIGURE 
YOUR FUTURE AS A PROFESSIONAL ENGINEER 


Jet air line speeds bring new com- 
plications to the problems the air- 
line captain must solve. Helping 
him to prepare and follow his Flight 
Plan are two important Bendix® 
contributions: (1) The Bendix G-15 
Computer, which makes pre-flight 
calculations of wind, weather, fuel, 
and load in seconds; and (2) air- 
borne Bendix Doppler Radar, which 
gives the pilot instant, constant 
navigation data that previously re- 
quired continual manual calculation. 


Similar Bendix scientific and engi- 
neering advances are geared to the 
entire modern industrial complex. 
Opportunities for the engineering 
graduate are nearly limitless. 


BENDIX HAS 24 DIVISIONS, 4 SUBSIDI- 
ARIES—Coast to coast, Bendix activ- 
ities are decentralized—and, at the 
same time, generally adjacent to the 
industries they serve. There is great 
latitude in choice of work area for 
the young engineer. 


SIZE AND STABILITY —In terms of 
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corporate size, Bendix ranks in the 
top 60 industrial firms (dollar sales) 
in the United States. In fiscal 1959, 
Bendix sales totalled more than 
$680,000,000. An investment in 
future sales was the $120,000,000 
in engineering expenditures. 


DIVERSE PRODUCTION AND RESEARCH 
—The graduate engineer has a 
chance to specialize with Bendix. 
He can probe electronics, nuclear 
physics, heat transfer, ultrasonics, 
aerodynamics, power metallurgy — 
and a long list of other challenging 
fields. Or, he can aim for broader 
areas of mathematics, research, ad- 
ministration, and management. 


CHANCE TO LEAD — Bendix is a di- 
versified engineering-research- 
manufacturing firm. Bendix 


AVIATION CORPORATION 
Fisher Bldg., Detroit’2, Mich. 


A thousand diversified products 


products include: Talos and Eagle 
guided missiles; Doppler radar 
systems for aircraft navigation; 
numerical control systems for 
machine tools; power steering and 
power brakes for automotive 
vehicles; nuclear devices; flight 
control systems for aircraft; satel- 
lite controls. More important to you, 
as an engineering graduate, are the 
vast numbers of new projects now 
being planned — projects to which 
you can contribute your knowledge 
and ingenuity. 


BENDIX IS SYNONYMOUS WITH ENGI- 
NEERING—At Bendix, you can join 
an engineering staff of more than 
12,000 people—5,000 of them grad- 
uate engineers. 


Bendix offers you a chance to 
exercise your engineering degree 
in a real engineering capacity. See 
your placement director or write to 
Director of University and Scientific 
Relations, Bendix Aviation Corpo- 
ration, 1108 Fisher Building, 
Detroit 2, Michigan. 
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Separating the elements... 
to form new and better metals 


In their search for stronger, tougher, or more heat-resistant metallic materials, 
General Motors Research chemists use the new anion exchange resin technique 
to obtain exact analyses of complex experimental alloys. 


Looking for a job with an exceptional future? Are you interested in electronics . . . 

metals . . . jet propulsion . . . automobiles . . . inertial guidance systems? These are just a few 
of many exciting fields of science and engineering at General Motors. 

Opportunities are virtually endless at GM. Progress can be rapid for men who have 

ability, enthusiasm and potential. You grow as you learn, moving up through your department 
and division, or over to other divisions. 

GM provides financial aid if you go on for your Master’s or Doctor’s. Also, undergrads 

can work at GM during the summer and gain worthwhile experience. 

For all the details on a rewarding career, see your Placement Officer or write to General Motors, 
Personnel Staff, Detroit 2, Michigan. 


GENERAL MOTORS 


GM positions now available in these fields for men holding Bachelor's, Master's and Doctor’s degrees: Mechanical, Electrical, Industrial, Metallurgical, Chemical, 
Aeronautical and Ceramic Engineering e Mathematics « Industrial Design e Physics e Chemistry e Engineering Mechanics e Business Administration and Related Fields 
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Why diversification makes a better all-around man 


IVERSIFICATION of effort makes for versatility—and ver- 
satility pays off in business as well as on the athletic 
field. We’ve found that to be especially true here at Koppers. 
Koppers is a widely diversified company—actively en- 
gaged in the research and production of a wide range of re- 
lated and seemingly unrelated products, such as remarkable 
new plastics, jet-engine sound control, wood preservatives, 
steel mill processes, dyestuffs, electrostatic precipitators, coal 
tar chemicals, anti-oxidants and innumerable others. 

Because we are diversified, our work is interesting. Through 
job rotation, our engineers and management personnel are 
given the opportunity to learn many of the diverse activities 
at Koppers. The result? Versatility. 

While you are moving laterally at Koppers, you are also 
moving up. Your responsibilities are increased. Your ability 
is evaluated and re-evaluated. And you are compensated 
accordingly. 

You don’t have to be with Koppers for 20 years before you 
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get somewhere. If you have ability, ideas, spark—you'll move 
ahead, regardless of seniority or tenure. 

At Koppers, you'll stand on your own two feet. You'll get 
responsibility, but you'll also have free rein to do the job the 
way you think it should be done. No one will get in your way. 

Koppers is a well-established company—a leader in many 
fields. Yet, it’s a forward-looking company, a young man’s 
company. Perhaps, your company. 

Why not find out? Write to the Personnel Manager, 
Koppers Company, Inc., Room 230, Koppers Bldg., Pitts- 
burgh 19, Pennsylvania. Or, see your College Placement 
Director and arrange an appointment with a Koppers rep- 
resentative for the next recruiting visit. 


When writing to advertisers please mention the ConneLt ENGINEER, 
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Proud of your School? 


OF YOUR 
WORKING TOOLS... 


A.W.FABER 

CASTELL 

helps the hand that 
shapes the future 


#9000 CASTELL Pencil 
with world’s finest 
natural graphite that 
tests out at more than 
99% pure carbon. 
Exclusive microlette 
mills process this 
graphite into a drawing 
lead that lays down 
graphite-saturated, 
non-feathering lines of 
intense opacity. Extra 
strong to take needle- 
point sharpness without 
breaking or feathering. 
Smooth, 100% grit- 
free, consistently 
uniform, 8B to 10H. 


#9800 SG LOcKTITE 
TEL-A-GRADE Holder, 
perfectly balanced, 
lightweight, with new 
no-slip functional grip. 
Relieves finger fatigue. 
Unique degree 
indicating device. 


#9030 imported Refill 
Leads, matching 
exactly #9000 pencil 
in quality and grading, 
7B to 10H, packed in 
reusable plastic tube 
with gold cap. 

A man advancing in 
his career just 
naturally gravitates to 


53 AW FABER &®) CASTELL Seo 


CASTELL LOCKTITE 9800S5G 


| CASTELL, world’s finest 
drawing pencil. You'll 
l be wise to begin now. 
A.W.FABER - CASTELL 


Pencil Co., Inc., Newark 3, N. J. 


CASTELL 9030 
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_ FLIGHT AND ELECTRONIC SYSTEMS 


e Flight data systems are essential equipment for 
all modern, high speed aircraft. In the AiResearch 
centralized system, environmental facts are fed to a 
central analog computer (above), which in turn indi- 
cates to the pilot where the aircraft is, how it is 
performing, and makes automatic control adjust- 


ments. Pioneer in this and other flight and electronic 
systems, AiResearch is also working with highly sen- 
sitive temperature controls for jet aircraft, autopilot 
systems, submarine instrumentation, transistorized 
amplifiers and servo controls for missile application, 
and ion and radiation measuring devices. 


EXCITING FIELDS OF INTEREST 
FOR GRADUATE ENGINEERS 


Diversity and strength in a company offer the engi- 
neer a key opportunity, for with broad knowledge 
and background your chances for responsibility and 
advancement are greater. 

The Garrett Corporation, with its AiResearch 
Divisions, is rich in experience and reputation. Its 
diversification, which you will experience through 
an orientation program lasting over a period of 
months, allows you the best chance of finding your 
most profitable area of interest. 


Other major fields of interest include: 


Missile Systems —has delivered more accessory 
power units for missiles than any other company. 
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AiResearch is also working with hydraulic and hot 
gas control systems for missiles. 


¢ Environmental Control Systems—pioneer, leading devel- 
oper and supplier of aircraft and spacecraft air con- 
ditioning and pressurization systems, 


¢ Gas Turbine Engines—world’s largest producer of small 
gas turbine engines, with more than 8,500 delivered 
ranging from 30 to 850 horsepower. 


Should you be interested in a career with The 
Garrett Corporation, see the magazine “The Garrett 
Corporation and Career Opportunities” at your Col- 
lege placement office. For further information write 


to Mr. Gerald D. Bradley... 


THE i343 CORPORATION 


Ma. 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 
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Editorial... 


For the past two and one-half 
years the College of Engineering 
has conducted a program of tutor- 
ing aid in order to reduce the 
number of freshmen failures in the 
engineering school. Two tutors were 
assigned to each dorm five nights 
per week; one for math, and the 
other for physics. Approximately 
sixty-one upperclassmen of the 
college were employed each of the 
first two years. Each tutor spent 
one night a week in the dorms. The 
program, which originally 
made possible by the gift of an 
anonymous donor, has now been 
discontinued because of the ex- 
haustion of the original fund, The 
effectiveness of the program indi- 
cates that it should be continued. 


Evaluation Under Way 

The college is now collecting 
data in order to evaluate the pro- 
gram. The results collected so far 
have shown that while the physics 
program was apparently not effec- 
tive, the math program was. Dur- 
ing the period for which tutoring 
was made available the number of 
failures in physics was not signifi- 
cantly reduced. The number of 
people failing math, however, was 
reduced by more than half each 
fall term, while no greater number 
failed in the spring. In the year be- 
fore the tutoring program sixty-two 
people failed math 161. In the next 
years twenty-three, sixteen, and 
thirty, respectively failed, Further- 
more, of those students failing only 
a few had been to see the tutor; 
none more than three times. 

When we consider the difference 
in the results obtained in math and 


EFFECTIVE TUTORING PLAN 
REQUIRES ADDITIONAL FUNDS 


physics, one of the first things that 
comes to mind is the frequent com- 
plaining of freshmen about the 
quality of instruction received from 
the math department. This seems 
to substantiate their complaints. 
We hope that this situation will be 
corrected soon! 

Another probable cause for the 
success in math and not in physics 
is a very basic difference between 
the two courses, In math the stu- 
dent may apply the methods of 
solution learned in a homework 
problem to an exam problem, but 
in physics he must apply the 
basic principle underlying home- 
work problems. In the latter case 
the method of solution learned in 
his homework problems may not 
apply. Many students received help 
with physics problems, understood 
the methods of solution, but still 
did not attempt to understand the 
underlying principle. In light of 
these considerations, the greater 
effectiveness of the math tutoring 
is not surprising, and it would seem 
that only the math program should 
be continued on a full scale. 


Further Benefits 


The tutors are in a position to 
do more than instruct the freshmen 
in problem solving and clear up 
misconceptions in theory, They are 
able to ease freshmen into college 
study habits and mature attitudes 
toward academics. Tutors reported 
that they showed freshmen how to 
regulate their time, use study tech- 
niques and balance their schedules. 
This was perhaps more valuable 
than any amount of extra course 
instruction could have been. 


In evaluating the program one 
must not forget that the tutors 
themselves benefited. The program 
provided financial aid, as well as 
teaching experience, to qualified 
engineering upperclassmen, Since 
its inception approximately 150 
tutors have participated. Each of 
them has had an average above 83 
and has demonstrated great ability 
in the subject he tutored. Most 
important, one third of the tutors 
are considering teaching as a pro- 
fession, a large percentage of them 
as a direct result of having tutored. 
The experience obtained, and the 
interest aroused in the teaching 
profession are valuable by-prod- 
ucts. 


Program Should Be Continued 


In light of its effectiveness and 
its many other benefits, we feel 
that the math program should be 
continued. Experience has shown 
that utilization of the program was 
much lower in the spring than in 
the fall. This is partly caused by 
the availability of help to the large 
number of freshmen who join fra- 
ternities and also by the increased 
self-confidence of the freshmen. For 
this reason it should be sufficient 
to limit the program to the fall 
term. 

The cost of continuing this pro- 
gram is small in terms of the great 
benefits it offers. Unfortunately the 
University’s heavy financial com- 
mitments will not permit an appro- 
priation to assure its continuation. 
It is our earnest hope that some of 
our alumni will see the important 
benefits of the tutoring plan and 
provide the funds needed for its 
support.—R.T.F. 
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LITERALLY 
AROUND YOU! 


The word space commonly represents the outer, airless regions of the universe. 
But there is quite another kind of “space” close at hand, a kind that will always 
challenge the genius of man. 


This space can easily be measured. It is the space-dimension of cities and the 
distance between them... the kind of space found between mainland and off- 
shore oil rig, between a tiny, otherwise inaccessible clearing and its supply 
base, between the site of a mountain crash and a waiting ambulance—above all, 
Sikorsky is concerned with the precious “spaceway” that currently exists be- 
tween all earthbound places. 


Our engineering efforts are directed toward a variety of VTOL and STOL 
aircraft configurations. Among earlier Sikorsky designs are some of the most 
versatile airborne vehicles now in existence; on our boards today are the ve- 
hicles that can prove to be tomorrow’s most versatile means of transportation. 


Here, then, is a space age challenge to be met with the finest and most practical 
engineering talent. Here, perhaps, is the kind of challenge you can meet, 


For information about careers with us, please ad- 
dress Mr. Richard L. Auten, Personnel Department. 


AIRCRAFT 


One of the Divisions of United Aircraft Corporation 
STRATFORD, CONNECTICUT 
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ENGINEERS 
CHEMISTS 
PHYSICISTS 
MATHEMATICIANS 


for 


LOOK TO DU PONT! 


Today is a time of rapid growth and expansion at 
Du Pont. Development activities are being accel- 
erated, and new processes are being installed at 
plants new, old and under construction. 


This creates need for technical graduates: chemists 
(all specialties), physicists, mathematicians; engi- 
neers of almost every specialty—chemical, mechan- 
ical, industrial, electrical, metallurgical. 

LOCATIONS: Eastern half of U. S. primarily 


REQUIREMENTS: Recent Bachelor’s, Master’s or 
Doctor’s degree 


Write to... 


2420-4 Nemours Building 
E. I. du Pont de Nemours & Company (Inc.) 
Wilmington 98, Delaware 


5. pal OFF 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 


APRIL 1960 
When writing to advertisers please mention the ConneLt ENGINEER. 


: 
= 
We 
3 


= 


Designed by a Cornell alumnus, Utica’s 
new art gallery features... 


NEW TECHNIQUES 
IN CONCRETE CONSTRUCTION 


The first structure _ utilizing 
monolithically intersecting concrete 
girders is now being built in Utica, 
New York. This building, the 
Munson-Williams-Proctor Institute 
Art Gallery, is a triumph in engi- 
neering skill and architectural in- 
genuity. Its story is a fascinating 
one of engineering adaptions to 
meet a new challenge. When fin- 
ished, the building will be a tribute 
to the ingenuity of its builder, Dr. 
Lev Zetlin, Cornell ’51, and its de- 
signer, Philip Johnson. 

Rising out of a 10-ft. deep grass 
moat to a height of 52 ft, the 117-ft 
square reinforced concrete structure 
is a lesson in provokingly simple 
beauty and engineering. 

Four huge, post-tensioned con- 
crete girders, supported only at 
their ends by eight exterior col- 
umns, intersect at four points 
across the top of the building. De- 
ceptively simple in design, their 
sharp, crisp pattern provides a 
structural system that eliminates 
the need for any interior columns 
above the main floor and makes 
possible a completely unobstructed 
auditorium and a main gallery with 
a 30-ft high ceiling. 

The choice and design of this 
“two-way lattice girder system” 
was a bold, pioneering stroke. 
While its principles are known and 


Form work on corner of building indi- 

cates section at wall left unpoured for 

three months, later filled to compensate 
for shrinkage. 
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by Warren H. Sears 


well-documented, the M-W-P In- 
stitute Art Gallery represents its 
first significant application any- 
where. Yet its use in this structure 
has been no mere experimental 
flirtation with the strength of ma- 
terials, The advantages accruing 
from its employment represent a 
significant improvement over what 
has been done before in this field. 


Design Advantages 

The four intersecting girders 
provide a strength and _ stiffness 
equal to eight parallel girders of 


approximately the same size; or six- 


teen 2 ft x 2 ft interior columns. 
Economically, the two-way system 
represents a saving of roughly 
$50,000; aesthetically, it provides a 
vast expanse of free, uncluttered 
space throughout the main section 
of the building; and engineering- 
wise, it has meant less deflection, 
more uniformly distributed, and 
greater strength in the entire struc- 
tural system. 

In addition to moraine the 
precast concrete roof, the girder 
system also partially supports a 30 
ft wide balcony that hangs below 
the roof. Four 2%-in. thick steel 


Original model of the museum highlights 
structural system. 


its classic, simple beauty and ingenious 
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rods threaded into each girder 
‘oredoe overhead support for the 
alcony, 

The superstructure walls of the 
building act as deep cantilevered 
girders supporting part of the roof, 
part of the balcony and part of the 
main floor. A total of 648 cu. yd. of 
lightweight concrete went into the 
forms for the four walls, which 
were poured monolithically with 
the exterior columns. 

The walls of the structure, 
though they appear to float on the 
thin ribbon of glass that completely 
surrounds the ground floor of the 
building, are actually supported 11 
ft above the ground level. Here the 
columns project into the building, 
forming an exposed foundation. 

Once concrete for the walls and 
eight exterior columns had been 
placed and stripped, forms were 
constructed for the intersecting 
girders. Actually, when they were 
through, workers had built one 
huge, elaborate form, looking like 
the beginning of a gigantic game 
of tic-tac-toe. 

Supported by shoring, or tempo- 
rary supports, the form was filled 
with a variety of hardware neces- 
sary for reinforcing the concrete, 
including %-in. reinforcing steel 
bars, %-in. reinforcing stirrups, 4—- 
in. diameter hollow sleeves for 
balcony rods and—into each girder 
form — fourteen hollow, flexible, 
steel, post-tensioning —_ conduits 
anchored at each end of the girder 
and draped in smooth parabolas. 
Each girder form was jacked up to 
form a 2 in, camber, or rise, at its 
center to allow for deflection under 
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the weight of the concrete; then 
the concrete placing was ready to 


begin. 


Concrete Control 


Concrete for such a sustained 
and intricate pour required fastidi- 
ous attention to its design and 
special care in its preparation and 
handling. Five principal factors in- 
fluenced the requirements and 
specifications for the mix design. 
First, to meet the prescribed design 
loads of the structural system and 
to utilize pre-stressed concrete eco- 
nomically, the concrete had to 
have a compressive strength of 
5,000 Ib. per sq. in. 

Second, the post tensioning pres- 
sure to be applied to the girders 
precluded the presence of hori- 
zontal cold joints or voids which 
would reduce the compressive 
strength of the girder. 

Third, to insure a completely 
monolithic member, the set of the 
mix had to be retarded by three 
hours. 

Fourth, because of the complex 
arrangement of reinforcing steel 
and delicate cable conduits in the 
forms, the mix had to have a high 
degree of workability. 

And finally, Zetlin wanted as 
much early deflection as he could 
get so that the girders would ob- 
tain all of their deflection at the 
earliest stages of construction. 

These factors required sharp re- 
duction in the amount of water and 
cement that would normally be 
prescribed, without reducing the 
needed workability of the mix. 

All concrete mixing was closely 


controlled and was pre-determined 
by trial mixes approved personally 
by Dr. Zetlin. Samples were taken 
and examined frequently to insure 
that the required strength specifi- 
cations were being met. Modulus 
of elasticity tests were also per- 
formed on the concrete to de- 
termine expected deflections of the 
members, 

On the day of the actual pour- 
ing, concrete placement for the 
girders began at 8 a.m. with two 
crews and two cranes starting in 
adjacent corners and _ working 
right across the top of the building. 
At 5 p.m. an additional crane and 
crew joined in. The operation was 
completed shortly after midnight. 
Concrete was hoisted to the top of 
the building by crane, in 1-yd. 
bucket loads, and eased into the 
forms through elephant trunks. A 
total of 350 cu. yd. was poured in 
16 hrs. 

What ultimately went into the 
great, criss-cross form was a high- 
ly workable mix that produced a 
strength in excess of 5,000 Ib. per 
sq. in, A 20 per cent reduction in 
water content of the mix induced 
early development of creep, a gird- 
er system free of cracks through 
minimum drying shrinkage, and a 
completely monolithic member 
through controlled rate of harden- 


ing. 


Shrinkage Cracks 


Zetlin attacked the problem of 
shrinkage cracks, not only in the 
girders through the use of the ad- 
mixture, but in the building’s 
decks. A 3x30 ft area in the cor- 
ner of each floor was left unpoured 
for a two-month period, during 
which time almost all shrinkage oc- 
curred. The open sections were 
then concreted, leaving a perfectly 
crack-free system of floors. 

The same technique was em- 
ployed in the placement of the 
superstructure walls, with a 3-ft 
wide corner section left open the 
full height of the walls in all four 
corners and filled 60 days later. 

Other openings in the concrete 
superstructure walls—later filled— 
were also left to permit easy place- 
ment of the concrete for the bal- 
cony. 

The exceptional strength of the 
intersecting concrete girder sus- 
pension system is derived from its 
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(Top) An unreinforced concrete beam, subject to a load (P,), will fail due to tensile 
stresses at its lower edge. 

(Middle) The same beam, when subjected to an axial compression load (P.,) will be 
under the influence of two stress distributions which may combine to produce com- 
pression stresses only. 

(Bottom) The post-tensioning process cables, which were draped parabolically in the 
forms before the concrete was placed, are stressed after it has set. This produces a 
tension-free stress distribution similar to that shown in the middle view. 


unique design and from the great 
stress placed in the girders through 
post tensioning, a process which 
overcomes concrete’s great weak- 
ness—its almost negligible strength 


in tension (see Fig. above). 

The post tensioning process pro- 
duced girders free from tension 
stresses and capable of supporting 
themselves, the roof, and the hung 
balcony. 

With tensioning completed the 
conduits were completely grouted 
with a sand cement grout. 

In accepting the commission to 
design the new museum, Philip 
Johnson, one of the country’s most 
distinguished architects, named 
flexibility and intimacy as two of 
his main goals for the structure. “It 
has to inspire a feeling of a 
cathedral,” he said, “yet be as in- 
timate as a cottage.” He noted that 
a person must never be more than 
one room away from the central 
main gallery. The visitor must not 
have a feeling of being lost in a 
labyrinth. 

“The problem” he said, “is to 
have space to hang paintings and 
at the same time make the museum 
a pleasant place for people to 
congregate. A museum should not 
just be a depository of art but also 
a community center. The modern 
museum should be the center of 
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the cultural life of a town and the 
buildings designed to house it 
should encourage this use for all 
the arts including music.” 

When completed the exterior 
concrete walls will be covered with 
approximately 1,500 blocks of Black 
Canadian Granite, from the north- 
ern Hudson Bay area. 


Interior Design 

The columns and girders will be 
sheathed in bronze, to provide a 
striking contrast against the tex- 


tured dark gray stone. Floors of 
the balcony and main exhibition 
room will be covered with Italian 
Travertine marble, with all other 
floors to be Terazzo topped. The 
ground floor windows, which pro- 
vide the ground floor rooms and 
offices with one complete glass 
wall, will be framed in dark gray 
painted aluminum. 

Heavy teak plywood will be 
used on the walls in the lobby and 
main hall with vinyl on all the of- 
fice wall surfaces. Pandanus cloth, 
a material that will conceal holes 
made in the hanging of the chang- 
ing exhibitions, will be applied to 
all the gallery walls. 

Included in the design are a 300 
seat auditorium on the ground 
floor, two exhibition floors for 
painting and_ sculpture, office 
space, and fireproof storage. A 
roadway to the ground floor will 
permit delivery to storage and ac- 
cess to the office area, Plans also 
call for large off-street parking 
facilities and landscaped grounds. 

The building has no actual street 
level. The ground level rests in the 
10-ft. deep moat; while access to 
the main floor is gained by steps 
leading up from the street. 

The builders have succeeded in 
creating a truly functional and 
beautiful structure, one which 
makes use of both engineering and 
architectural innovations. It is a 
living illustration of Dr. Zetlin’s 
philosophy—that if a building is 
beautiful to the eye, it is structur- 
ally sound. 


These four intersecting girders form a complete monolithic concrete structural system 
and eliminate the need for interior columns in the main gallery. 
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Our vast oil and natural gas resources 
demand a network of... 


PIPELINES ACROSS 
THE NATION 


Pipelines are the main means of 
transportation for natural gas, pe- 
troleum, and petroleum products. 
Today, close to 700,000 miles of 
pipe span practically the entire 
country in a network unequalled in 
any other nation, Since the late 
1800’s new lines have been built 
and old lines have been expanded 
at an amazing rate. To keep up 
with the increasing demands of our 
industrialized society, new methods 
and equipment are being steadily 
applied to this field. 

Pipelines have been used for the 
transmission of fluids for thousands 
of years, The Chinese were using 
bamboo pipe water lines in 5,000 
B.C, and had a natural gas pipe- 
line in about 900 B.C. The Roman 
Empire developed a water system 
capable of handling 332 million 
gallons a day in small diameter 


lead pipe. 


Early Construction 

History of oil pipelines began al- 
most with the drilling of the first 
well, The early wells were in areas 
of rough terrain, many miles from 
the nearest railroad or canal. Oil 
was initially hauled in barrels by 
teamsters to the nearest depot. The 
first attempts at construction of a 
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pipeline ended in failure—not be- 
cause of mechanical short-comings 
but because of attacks by teamsters. 
Owners and drivers of the oil 
wagons realized that the pipeline 
could put them out of business. 
The outbreaks were soon quelled 
by use of armed force. 

In 1865 Samuel Von Syckel of 
Titusville, Pennsylvania built a line 
which, although it only carried 
eighty barrels a day, demonstrated 
the practicality of this means of 
transportation. This success led to 
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the building of other lines to local 
refineries and to railroads taking 
the crude oil out of the region. 
The railroads at first welcomed 
the added revenues received from 
the freight traffic that resulted 
from pipeline construction work. 
They realized, however, that pipe- 
lines were a threat to their own 
tank car business. Railroads re- 
sorted to powerful lobbies and 
physical violence in an attempt to 
stop the building of pipelines, but 
the overwhelming economy of pipe- 
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The Petroleum Pipe Line System in the United States. 
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line transportation won out. The 
economic advantages of pipelines 
over railroads are easily seen: 
With a pipeline there are no empty 
cars to make a profitless return 
trip; maintenance costs are low; 
labor force required to operate a 
line is small. For these reasons 
pipelines spread quickly. By 1900 
there were approximately 18,000 
miles of crude oil lines radiating 
from the Pennsylvania oil fields. 


Rifled Pipe 

Major advance was made in 
1906 with the introduction of rifled 
pipe. Transport of more viscose 
crude oil now became possible. 
The interior of this pipe is lined 
with spiral grooves. Oil plus a 
small amount of water is intro- 
duced into the pipe, and the rifling 
sets the mass spinning. The water, 
being heavier, goes to the outside 
and forms lubricating film 
around the oil. This device sub- 
stantially enlarged the class of ma- 
terials which pipelines could carry. 

The extensive pipeline system 
allowed the use of a relatively few 
large refineries in seaboard areas 
instead of the countless smaller 
ones which had been in service. 

Power for petroleum pipelines is 
provided at pumping stations along 
the route, The earliest pumps were 
driven by steam engines. Hori- 


zontal air-injection-oil-engines came 
later, and vertical diesels are used 
in most pumping houses_ today. 

There are in general two types 
of petroleum pipelines—gathering 
lines which take the crude oil 
from wells to tank yards, and trunk 
lines which carry it from tank 
yards to ports or refineries. When 
carrying refined petroleum _prod- 
ucts, trunk lines are usually 
known as product lines, A product 
line may carry several different oil 
derivatives at the same time, each 
of different ownership and compo- 
sition. Each batch merely “pushes 
along” the one in front of it with 
negligible mixing between batches. 
Product flow is at the rate of about 
4 mph. It is the control center's job 
to know where the face of each 
batch is so that it may be switched 
off the line at the proper time. The 
most modern method of following 
a batch employs radioactive iso- 
topes at the beginning of each 
shipment and radiation counters 
along the line. 

In 1955, product lines in the 
United States totaled 24,000 miles 
as compared with only 1,300 miles 
in 1930. This tremendous increase 
is due in no small part to increased 
demand during and after World 
War II. The Big Inch and Little 
Big Inch lines were built as war 
time measures because of the 
danger from enemy submarines to 
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tankers making the trip from the 
Gulf of Mexico to East coast re- 
fineries. By 1955, the total crude 
oil linage (including gathering and 
trunk lines ) equaled 170,000 miles. 


Natural Gas 


The progress of natural gas and 
petroleum transportation have been 
similar but not parallel, Gas had 
been used on a local scale for many 
years. However, attempts to in- 
crease its use failed due to a lack 
of proper type pipe. The common 
pipe material, cast iron, is in most 
cases too heavy and brittle for 
cross-country work, It is still used 
to a limited extent on low pressure 
short runs. In the 1830's a wrought 
iron line was attempted, wrought 
iron being lighter and tougher than 
cast iron. However the major prob- 
lem of leakage still existed. This 
was not solved until 1891 when an 
oil well equipment manufacturer, 
Solomon Dresser, developed what 
has come to be known as the 
“Dresser Coupling.” This consists 
of a center sleeve into which the 
two pipe ends fit, along with two 
follower rings with equally spaced 
bolt holes, and a special rubber 
gasket which expands when the 
bolts are tightened to produce a 
leak-proof joint. 

Steel pipe had been recognized 


as the best for cross country runs. 


Caterpillar Tractor Co. 
This modern trench digging machine seems to be faced with a never ending task in preparing the ditch for a natural gas pipeline 
in northern Texas. 
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A river crossing, one of the more difficult of pipelaying operations, is 


Caterpillar Tractor | 
atly facilitated 


by the use of modern construction methods. Note the use of the side boom tractors, 
large diameter steel pipe and long preassembled sections. 


However until the advent of the 
Dresser coupling it could not be 
used in large enough diameters to 
be economical, Pipeline economics 
are such that per barrel-mile the 
cost of a 20 in. line at full load is 
40 per cent of the equivalent full 
load on a 10 in. line. The new 
coupling allowed the use of the 
more economical, larger diameter 
pipe. This coupling was also de- 
signed to allow for a 1-degree de- 
flection in each pipe, thereby re- 
ducing the amount of pipe-bending 
necessary to negotiate slight curves. 
In 1920, oxyacetylene welding 
replaced the Dresser coupling as a 
means of joining pipe on all long 
runs, By 1928, electric arc welding 
was the main process used for this 
purpose. X-rays and radioactive 
materials have been introduced to 
inspect the quality of metals and 
welds. 


Modern Developments 
The discovery of large gas fields 


in the southwest during the late 
1920s and early ’30s, plus an in- 
crease in demand, gave pipeline 
construction a boost which it still 
feels today, These increased de- 
mands for pipelines caused a minor 
revolution in pipe laying practices. 
Until this time, pipelines were 
built on a trial and error basis. 
When necessary, pipe was bent by 
“snubbing” it around a tree, or by 
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having the crew repeatedly jump 
on it. If the pipe was too large in 
diameter for this, it was suspended 
over a ditch and heated until it 
sagged into the desired shape. To- 
day pipe-bending devices cold 
bend pipe up to 36 in. in diameter 
without introducing dangerous 
stresses. 

When smaller length and di- 
ameter pipe were common, it was 
possible to handle the pipe by man 
power alone. However, a 40-ft sec- 
tion of 30-in. pipe, a combination 
not at all uncommon in the last 20 
years, may weigh up to 2% tons. 
To manipulate pipe this size, steel 
tripods with hand winches, and, 
later, side boom tractors, were in- 
troduced. 

From the outset, it was neces- 
sary to maintain communications 
systems along the a The 
early systems used telegraph lines 
parallel to the pipe to connect con- 
trol centers and telephone booths 
along the right of way. From these, 
line walkers could report leaks, 
washouts, or other undesirable 
conditions, The pipelines made use 
of radio and microwave transmis- 
sion as soon as these became avail- 
able. In modern control centers, 
remote control operation of pumps 
and compressor stations miles away 
is not unusual, 

Compressor stations are general- 


ly located about every 80 miles 


along natural gas lines. Reciprocat- 
ing gas engines provide the motive 
power in most stations today, but 
steam engines were used originally. 


Regulation 

Unlike natural gas lines, oil pipe- 
lines are regarded as “common car- 
riers” under the Hepburn Act of 
1906, an amendment to the Inter- 
state Commerce Act. This means 
that a pipeline is required to carry 
the oil of any shipper who meets 
the company’s published tariffs. 
These tariffs, which must be filed 
with the Interstate Commerce 
Commission, usually include trans- 
portation rates and minimum 
quantities accepted for shipment 
and delivery, These minimum re- 
quirements have in most cases 
been too high to allow pipelines to 
function like true common carriers. 
Over the years very few formal 
complaints have been made to the 
ICC concerning rates. However, 
informal complaints which have 
been made suggest that rate condi- 
tions are not ideal. Pipelines are 
presently dominated by a few large 
companies which haul almost ex- 
clusively their own products, The 
small refinery has not benefited 
from pipelines as much as rate and 
mileage figures indicate. 

In its youth, the pipeline industry 
fought the railroads and teamsters; 
during its development, it battled 
terrain and the elements. However, 
it continues to grow. Presently, due 
to efficient methods and volume of 
traffic, it is possible to ship a gallon 
of crude oil or refined gasoline 
more than 1,000 miles at less than 
the cost of sending a post card the 
same distance. 
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Compact, light-weight, low-cost electronic equipment 
has resulted from the use of... 


SEMICONDUCTORS 


Today’s electronics industry is 
one of the fastest growing, most 
competitive in the country, Dating 
back to Lee DeForest’s invention 
of the audion vacuum tube in 1906, 
electronics equipment has become 
the mainstay of the country’s de- 
fense as well as the housewife’s 
kitchen. A study of the basic theory 
of electron tube operation and the 
realization that transistor and semi- 
conductor devices have revolution- 
ized the industry in the past dec- 
ade, give one an idea of the growth 
that has taken place in the field 
since 1906, 


Theory of Operation 


Certain materials, when heated 
in a vacuum, tend to lose electrons 
in much the same manner that 
molecules evaporate from heated 
water, This thermionic effect was 
discovered by Edison during his 
work with incandescent lamps. It 
is basic to the electron tube, in 
which a heated filament causes a 
grounded metallic strip, or cathode, 
to emit electrons. If another plate 
is inserted in the evacuated tube 
and made positive with respect to 
the cathode, the plate will attract 
the cloud of electrons leaving the 
heated element, and a current will 
flow across the vacuum. This cur- 
rent is a non-linear function of the 
voltage between the plate (anode) 
and cathode, and is affected by 
many variables such as emitter ma- 
terial, heat, and stray electric fields. 
If the voltage polarities are re- 
versed, no conduction can occur, 
since the unheated anode cannot 
emit electrons. Thus the tube will 
conduct in only one direction and 
an a-c input current emerges as 
pulsating d-c. 
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If a grid of fine wire or screen 
is inserted between the cathode 
and the anode and a voltage, nega- 
tive with respect to the cathode, is 
applied, a fold is set up which 
tends to hinder the electrons being 
accelerated toward the plate, and 
thereby the plate current is con- 
trolled. Thus the current flowing 
across the tube is proportional to 
the grid bias, Small variations 
(such as radio antenna currents ) 
applied to the grid cause identical 
variations in the much larger plate 
current. In the circuit shown in 
Fig. 1, a small amount of the oscil- 
lating power of the resonant circuit 
in the plate is applied through a 
stepdown transformer to the grid, 
setting up a self-sustaining oscil- 
lator. In practical applications an- 
other resonant circuit is put in the 
grid circuit and self-generated 
oscillation occurs when the two are 
properly tuned. 

This simple type of control is 
basic to the electronics industry. 
With the addition of other control 


grids and specialized types of 
vacuum tubes, high power radio 
transmission and reception, com- 
puters, radar, TV, and many other 
modern electronic “miracles” are 


possible. 


Serious Drawbacks 


In recent years, however, the 
wonderfully useful and versatile 
vacuum tube has proved to be the 
chief bottleneck to electronic 
progress, First, tubes are relatively 
short lived. Filaments eventually 
burn out, cathodes lose emissive 

wers, and shock and vibration 
ruin the delicate electrode supports 
causing internal shorts. This chance 
of tube failure becomes acute in 
modern apparatus involving thous- 
ands of tubes. 

Secondly, miniaturization of 
equipment is limited for reasons 
other than the obvious one of tube 
element size. Heat is a prerequisite 
of operation. Dissipation of this 
heat prohibits closely packed tubes 
and components, and necessitates 


AIR CORE 
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Fig. 1. The schematic diagram shows a triode vacuum tube circuit set up to operate 
as a feedback oscillator. “L” and “C” comprise a resonant loop which controls the 
frequency of oscillation. 
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tube envelopes large enough to 
radiate it, or the alternative of 
heavy forced ventilating systems 
such as those used in computers 
and transmitters. The need for high 
current filament power and, often, 
several regulated grid voltages as 
well as a high voltage plate supply 
necessitates heavy, bulky power 
supplies and associated regulating 
circuits. 

Now, more than fifty years since 
DeForest’s invention, a new device 
is rapidly taking over many of the 
functions of electron tubes. The 
work semiconductors since 
World War II and the develop- 
ment in 1948 of the transistor have 
helped to solve many of these prob- 
lems along with countless others. 
The most obvious advantage of 
semiconductors is their relatively 
small size, but this is only the be- 
ginning. Semiconductors have the 
great advantage of not using Edi- 
son’s thermionic principle. This 
eliminates the filament and_ its 
power supplies, heat and ventil- 
ation problems, high power con- 
sumption, warm-up time, and 
problem of burn-out. The basic 
nature and construction of semi- 
conductor devices gives them an 
unlimited life expectancy. All parts 
are small, light, and firmly at- 
tached, so shock is not an impor- 
tant consideration, Along with in- 
creased reliability and the pos- 
sibility of miniaturization is the ad- 
vantage of lower total equipment 
cost. 


Classification of Materials 

Solid state materials are com- 
monly classified as conductors and 
non-conductors (insulators), Con- 
duction is made possible by the 
presence, as in copper, of relative- 
ly loosely bound valence electrons 
which are available to conduct 
current through the material in a 
sort of chain reaction, Substances 
such as diamonds are bound by 
strong double electron bonds in all 
directions. This makes use of all 
valence electrons and leaves none 
for conducting current. 

There are, however, a few ma- 
terials, principally silicon and 
germanium, in which the number 
of atomic electrons does not quite 
match the number needed to pro- 
duce the normal crystal lattice. 
These materials are called semi- 
conductors. If there are extra elec- 
trons, these are free to conduct 
current much like the electrons in 
a vacuum tube. A specific semi- 
conductor crystal may also have a 
lack of electrons or, as it is said, an 
excess of holes. In this case, as an 
electron from one atom moves to 
fill the hole in another, its departure 
leaves a corresponding hole in the 
donor’s electronic structure. This 
effect maintains itself when a volt- 
age is applied; thus, a material 
may conduct by means of holes as 
well as by electrons, A material 
possessing excess electrons is called 
“N” type material, while one with 
excess holes is called “P” type ma- 
terial. 
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site polarities. 


If a piece of P material is joined 
to a piece of N material and a volt- 
age is placed across the junction, as 
shown in Fig. 2, the N electrons 
are attracted across the junction to 
the positive connection. In the 
same way the holes progress to the 
negative pole, and a current flows 
through the device. If, however, 
the voltage polarity is reversed, the 
electrons and holes are attracted 
away from the junction and no 
current flows except for a small 
leakage. Thus a very small com- 
ponent can be constructed with 
properties similar to those of a 
vacuum tube rectifier, which re- 
quires no heating filament, and is 
independent of shock and vacuum 
problems. 


Semiconductor Problems 


There are, however, several 
problems involved in semiconduc- 
tor junction devices, The transition 
time for the electron and hole mi- 
gration is finite. This, together with 
the capacitance effect of extremely 
closely spaced semiconductor junc- 
tions, restricts the upper usable 
frequency limit. Also the heat pro- 
duced by large currents causes 
variations in the conductance prop- 
erties of the junction. 

The capacitance problem can be 
overcome by using N type crystal 
for the main body of the device. A 
small P region is then formed un- 
der the external lead connection. 
This point contact technique great- 
ly limits the power-handling capa- 
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Fig 2. A P-N junction or diode is diagrammatically shown here under natural conditions and under the effects of voltages of oppo- 


THE CORNELL ENGINEER 


: 
: 
RENT 
+ 
a= 
: 
P 
N 
am» 
4 
is 


{+ 


Fig. 3. The simplified diagram of a transistor illustrates the sandwich construction 
principle. The center element, or base, is common to both circuits. 


bilities of the device, so the junc- 
tion technique is most frequently 
used in diodes and transistors for 
low power receiver and computer 
circuits. 

Semiconductor diodes are rated 
by their maximum forward cur- 
rent, forward resistance (about 
50-200 ohms), back resistance 
(usually over 1 megohm), maxi- 
mum operating temperature, and 
peak inverse voltage. This refers to 
the back voltage at which the re- 
verse current becomes intolerable. 
For a normal a-c circuit the peak 
inverse voltage is the same as the 
forward voltage. A diode rectifier 
was recently introduced that is 
smaller than a thimble and _ is 
capable of handling 20 amp at 220 
C and 300 v with a forward resis- 
tance of only 1 ohm. 


Transistors 


A transistor is a semiconductor 
device employing two junctions. It 
may be visualized as a sandwich of 
one type of material between two 
slabs of the other type, as in Fig. 3. 
In effect it consists of two N-P 
junctions back to back. The sec- 
tions are called the emitter, base, 
and collector from left to right as 
shown in the diagram. The section 
on the left (emitter) is biased to 
conduct in the forward direction, 
and the collector-base P-N connec- 
tion is biased with a much higher 
voltage for reverse current. 

As electrons from the emitter 
enter the base section, a few are 
neutralized by the excess holes in 
the base. If, however, the P base 
section is made very thin, most of 
the electrons will approach the area 
of the base collector junction. They 
will be attracted across the junc- 
tion by the very high collector volt- 
age. They then enter the collector 
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circuit and add to the small re- 
verse current already present. 


By using a higher voltage on the 
collector than on the emitter, the 
reverse collector current plus the 
current of electrons passing across 
the base-collector junction can be 
made nearly equal to the emitter 
current. This ratio is the current 
amplification factor a. For a com- 
mon base circuit « can approach 1, 
but, because of the electrons neu- 
tralized in the base area, it is al- 
ways actually less than unity, The 
collector current is directly de- 
pendent upon the emitter current, 
just as the plate current of a 
vacuum tube is dependent upon 
the grid voltage and, hence, the 
grid current. Thus any current var- 
iation in the emitter circuit pro- 
duces an identical variation in the 
collector circuit. 


The currents in the two circuits 
are nearly equal, but it will be re- 
membered that the resistance of a 
P-N or N-P junction is much great- 
er in the reverse direction than in 
the forward direction. This is the 
property which makes possible the 
transistor’s ability to amplify. A 
signal applied in series with the 
very low voltage emitter produces 


IMPE DENCE 
INPUT 


a similar signal with nearly the 
same current but much _ higher 
voltage in the collector circuit. This 
provides voltage amplification. The 
collector resistance may be hun- 
dreds or thousands of times greater 
than the emitter resistance. Since 

wer==I*r, power is also ampli- 
ed. Gains up to 100,000 are pos- 
sible. 


Variation of Circuits 


There are many variations of the 
basic transistor and its connection 
as an amplifier. For instance, P 
type material can be used for the 
emitter and collector elements 
while using N type for the base. 
This requires only the reversal of 
the external polarities. Like diodes, 
there are two basic types of transis- 
tor construction: the point contact 
type and the regular junction 
variety. 

The point contact type was de- 
veloped first, and, because of its 
very low inter-electrode capacities, 
is still used for high frequency 
work, limits of 1000 megacycles be- 
ing reached. The mass production 
of this type of transistor is difficult, 
though, because of the high pre- 
cision necessary in spacing the 
electrodes. Therefore, point con- 
tact transistors have been super- 
seded largely by the low frequency 
junction type, which has the added 
advantage of being able to handle 
more power. By careful alloying of 
germanium and silicon, the transi- 
ent time of the atomic particles has 
been reduced until at present some 
junction transistors are capable of 
operation above 100 megacycles. 

Aside from these physical con- 
siderations, changes in circuits and 
connections also vary the charac- 
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Fig. 4 A common base transistor is shown here as it would appear in a practical circuit 
including a provision for matching its high output impedence to the input of a 
following stage. 
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teristics and specific applications of 
transistors. It has been shown that 
common or oes base con- 
nections produce low input and 
high output impedances, Since a 
depends on good impedance 
matches, an interstage matching 
transformer is needed to hook up 
several amplifiers in series or cas- 
cade. A typical common base cir- 
cuit is shown in Fig. 4. Depending 
upon the way in which its termi- 
nals are connected, however, a 
transistor may be used in any of 
three different ways. When, for 
instance, the emitter is made the 
common element, as in Fig, 5, an 
entirely new set of conditions ex- 
ists. The input impedance is raised 
(about 250-1500 ohms) but is still 
lower than the output impedance 
(.25-1.25 megohms ). In this circuit 
the base becomes the input ele- 
ment and floats at a constant po- 
tential, usually that of the output of 
the preceding stage. 

A small base input current of a 
few microamps causes a relatively 
large collector current of several 
milliamps, as opposed to the almost 
equal input and output currents in 
the common base circuit. The base- 
collector current amplification fac- 
tor 8 is many times the a@ rating. 
The common emitter circuit cor- 
responds roughly to a grounded 
cathode vacuum tube circuit. 
Because of the high gains obtain- 
able, it is the most widely used 
hookup, The common emitter cir- 
cuit is the only one in which the 
output current is out of phase with 


the input current, Thus only nega- 
tive feedback is possible, and no 
oscillation can occur. This circuit 
will not work as an oscillator but 
is used almost exclusively in high- 
gain amplifiers. 

The common collector is often 
used for special purposes even 
though it has relatively low power 
gains. It has a rather high input 
and very low output impedance. 
Its frequency response range is 
greatly limited by the fact that 
both impedances vary with fre- 
quency and load variations, Its low 
output impedance is often used, 
however, in miniature radios be- 
cause it can directly drive a low 
impedance speaker coil without 
a bulky audio output transformer. 


New Uses 


The development of semicon- 
ductors is still in its infancy. It has 
been only a decade since the 
transistor effect was first discov- 
ered, Every day new uses are 
found. A transistor, for example, is 
now often used as an oscillator by 
coupling a portion of the output 
power to the input. In such appli- 
cations it may soon replace a whole 
line of oscillator vacuum tubes. 

The effect on the inter-electrode 
capacitance of varying the base 
bias leads to a possible use as a 
miniature variable condenser, A 
three terminal semiconductor rec- 
tifier can be made to conduct in 
both directions by proper biasing 
of the third terminal. This can 
be used to replace the thyratron 


tubes used in electronic switching, 
and could be especially important 
in computer gate circuits. 

In the application of the See- 
beck and Peltier effects, semicon- 
ductors make the best thermo- 
couples for electronic heating and 
refrigeration. Light-sensitive semi- 
conductors are finding use in photo- 
tubes, Meanwhile research goes on 
to improve devices already avail- 
able and to lower their prices. 

In spite of their popularity, 
transistors and semiconductors do 
not solve all problems. They will 
probably never replace all vacuum 
tubes. Certain types of tubes, such 
as ceramic power amplifiers and 
high power microwave oscillators, 
are only now being developed 
themselves with no immediate pros- 
pect of replacement. In less than 
fifteen years, however, semicon- 
ductor devices have progressed to 
their present position: that of po- 
tential replacements for nearly all 
rectifier, amplifier, oscillator, and 
counter vacuum tubes. 
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Fig. 5. This simplified diagram shows the common emitter amplifier circuit which finds wide application due to its high current gain. 
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after you join Western Electric? 
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James Elam (M.S., Purdue ’59) is studying various techniques of speech analysis at IBM. 
The objective of this work is voice-machine communication. 


When writing to advertisers please mention the CornELL ENGINEER. 


He’s breaking through 
sound barriers to 

find new applications 
of human speech 


It is believed that once clear, distinct signals can be obtained from 
human speech sounds, the human voice can be used for direct com- 
munication with machines. James Elam is working in this direction. 


Voice-Machine Communication Problems 

The problems involved are formidable. Machine “understanding” 
of human speech will be limited by both the sensitivity and the 
number of electronic “recognizers” of speech-sound patterns that 
can be built into the machine. To further complicate matters, the 
human voice is capable of making an almost infinite variety and 
subtlety of sound patterns. Only in theory could a machine be built 
that could recognize all of them. 


A Solution in “Phonemes”? 

To further this work on voice-machine communication, James 
Elam is studying various techniques of speech analysis. In one 
scheme, recordings are made of voices reading words. These are 
then examined in their frequency spectrum, and a power within 
discrete bands is plotted. The plots, or spectrograms, are used 
to break down words into basic sounds called “phonemes.” Each 
phoneme has a separate and distinct pattern and is capable of giv- 
ing a clear signal. It is hoped that these signals can be used to 
communicate directly, through an audio input, with machines. 


Fascinating Assignments 

Because of its exciting future possibilities, James Elam finds his 
work fascinating. 

If you would like to employ your talents in areas where exciting 
future possibilities are all part of a day’s work, then you might 
consider the opportunities offered by IBM. When our representa- 
tive comes to your campus, he will be glad to give you information 
about opportunities in research, development, manufacturing and 


other areas at IBM. IBM. 
® 


INTERNATIONAL BUSINESS MACHINES CORPORATION 


Your Placement Officer can tell you when an IBM representative will 
next visit your campus. Or you may write, outlining briefly your back- 
ground and interests, to: Manager of Technical Employment, IBM 
Corporation, Dept. 846, 590 Madison Avenue, New York 22, New York. 
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for 35 years, Hersey Meters have been equipped with JENKINS VALVES 


Century-old Hersey-Sparling Meter Company 
does everything possible to make good its slo- 
gan — You can’t buy a better Water Meter 
than Hersey. One example is seen in a rule 
that any part of the meter not made by Hersey 
must be obtained from sources which have 
Hersey’s own policy of making the Best. For 
valves, Hersey’s standard for quality has been 
JENKINS for 35 years. 

Hersey-Sparling’s customers, like the buyers 
of any equipment that incorporates valves, see 
the famous Jenkins DIAMOND trade-mark on 


the valves as a sure sign that nothing has been 
spared in assuring reliability and low mainte- 
nance costs. Architects, engineers, contractors 
and operating men are bound to respect equip- 
ment that carries the valves they so often specify 
to assure trouble-free piping systems. 

Of course, valves of less quality can be 
had for a little less money. But it is worth 
remembering that Jenkins Valves, so widely 
known for reliability, cost no more than any 
good valves. Jenkins Bros., 100 Park Ave., 
New York 17. 


J E N Kl N S VALVE S & MOST TRUSTED TRADE-MARK IN THE VALVE WORLD 
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Man’s biological limitations 
cause problem of ... 


SURVIVAL IN SPACE 


Is the human body with its 
amazing complexity capable of 
reaching the distant planets, or are 
there too many unknowns for even 
the physicist, chemist, biologist, 
astronomer, meterorologist, and 
engineer working together to solve? 
At this time the answer is still in 
doubt. 

What are the problems in mak- 
ing manned space flight a reality? 
Unfortunately, the human body is 
not well suited for space travel. 
The spaceman will need a constant 
supply of oxygen; he can be neither 
accelerated nor decelerated too 
rapidly. He must have nourishing 
food, and he should have a certain 
amount of physical and intellectual 
activity, Provision must be made 
for removal of carbon dioxide from 
the air, and there must be proper 
regulation of temperature and hu- 
midity. This is only a small part of 
the problem. What effect will cos- 
mic radiation have on him? How 
will he react under a condition of 
weightlessness? Will he become 
disorientated? Will he suffer from 
delusions and hallucinations? Will 
he stand the stress of his long pe- 
riod of isolation? These are only 
some of the problems concerning 
manned space flight which face the 
scientists of today. 


Carbon Dioxide—Oxygen Cycle 


On earth, we inhale oxygen and 
exhale carbon dioxide, and no 
particular attention is paid to the 
cycle. In a spaceship, this balance 
is vital. As we exhale carbon diox- 
ide, we must have some method for 
its removal, for it is toxic even in 
small concentrations. Lithium, 
barium, or sodium hydroxide could 
be used to remove carbon dioxide 
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from the air. However, over an 
extended period of time, the sur- 
face area, and hence the efficiency 
of these materials, decreases. A 
more promising proposal is to sim- 
ulate the earth’s oxygen-carbon 
dioxide cycle in the space ship by 
the process of active photo- 
synthesis. Vegetation aboard ship 
would remove the carbon dioxide 
from the air and replace it with 
oxygen. One plant, algae, seems es- 
pecially adapted for this job, be- 
cause it will occupy a small area 
and still supply enough oxygen for 
respiration. Other reasons for its 
use will be examined later. 


Toxic Body Products 


Closely related to the problem of 
carbon dioxide-oxygen balance is 
the formation of toxic substances 
by the body. Here again this is no 
problem on earth, but it must be 
considered if these substances are 
allowed to accumulate over an ex- 
tended period of time. Carbon 
dioxide is a major constituent of 
the air we exhale. Blood liberates 
gaseous products nitrogen and 
acetoacetic acid, Urine, though 
largely non-volatile, liberates am- 
monia and ethereal sulfates; while 
in the faeces, volatile constituents 
are carbon dioxide, nitrogen, 
oxygen, hydrogen, and methane, In 
the solid portion of the faeces are 
toxic substances indole, skatole, 
hydrogen sulfide, phenol, and 
various amines. This strongly sug- 
gests the need for some sort of air- 
conditioning which would remove 
both the noxious gases and the 
odor. Activated charcoal may find 
some application in removin 
odors, while algae could fulfill a 
second important function by using 


the solid metabolic products as 
fertilizer. 


Food—A Problem Aboard 
Space Ship 


Feeding our space traveler will 
also present problems. The ques- 
tion arises: Why not cook food? 
The answer is twofold: Cooking 
food produces toxic substances and 
also decreases the available supply 
of oxygen. Acrolein, a toxic sub- 
stance produced by heating fats, 
cannot be tolerated in a concentra- 
tion of more than one part per mil- 
lion. Food dispensers aboard the 
spaceship must be able to store 
large quantities for long periods of 
time and prevent contamination, 
spoilage, and accidental spillage. 
Drinking from an open tumbler 
under weightless conditions may 
result in drowning a spaceman. 
Therefore, squeeze-type _ bottles 
similar to plastic ketchup bottles 
will be used. The food problem 
would be greatly simplified if man 
would be content with eating our 
old panacea, algae. This green 
plant has a very high food value 
and is rich in proteins, fats, and 
carbohydrates. It seriously deserves 
our attention as an outer space 
nutrient, 


Gravitational Phenomena 


An earthman will face vastly dif- 
ferent gravitational phenomena in 
his flight to outer space. On first 
leaving earth, he will experience a 
tremendous force of up to twenty 
times his own weight. This is the 
force necessary for the ship to es- 
cape the earth’s gravitational field. 
He will be unable to move at all 


and will have great difficulty 
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The human ear. The fine hairs near the cochlea of the ear are those which will be 
affected by a changing gravitational field. 


breathing. If hypoxia (an insuf- 
ficient supply of oxygen) sets in, 
he will black out. Rapid decelera- 
tion is also a potential source of 
danger to the space traveler. A 
rocket sled test in 1955 by Col. 
Stapp nearly did permanent dam- 
age to his eyes. The sled, which 
had been traveling at 700 mph, was 
rapidly decelerated. The resulting 
forces acting on him were so great 
that he had two black eyes, Only 
after a week of rest did his eye- 
sight return to normal. 


Effects of Isolation 


Another difficulty our spaceman 
will face will be the emotional 
strain caused by long periods of 
isolation, Associated with this is 
the so-called “Break-off Phenom- 
enon,” a by-product of isolation 
and boredom. It is a_trance-like 
sensation in which the spaceman 
becomes totally uninterested in sur- 
vival. Deep-sea divers often have 
a somewhat analogous experience. 
Jacques-Yves Cousteau, a French 
writer, calls this underwater coun- 
terpart “Rapture of the Depths.” 
Scientists say the break-off phe- 
nomenon can be averted by pro- 
viding mental and physical activity. 


Weightlessness 


Probably the biggest unknown 
is how man _ will react under 
weightlessness, This phenomenon, 
also called zero-gravity, will exist 
after the space ship escapes the 
earth’s gravitational field. It can be 
attained for limited periods of 
time on earth by flying through 
certain parabolic paths. The prob- 
lem of weightlessness has both 
physiological and psychological as- 
pects. Under this new condition, 
our space traveler will have to 
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make quite a few adjustments. 
Food will have to be chewed very 
carefully. Well-chewed food can 
be handled quite adequately by 
peristaltic action, whereas un- 
chewed food may cause choking. 
Liquids must be swallowed slow- 
ly, and the maximum amount per 
meal is still to be determined. Ex- 
cessive liquid in the stomach is 
quite likely to produce another 
gastro-intestinal problem, that of 
weightless regurgitation. Further 
amplification is not needed, but it 
should be pointed out that this is 
but one part of motion sickness. 
Elimination of body waste solids 
should present no problem once 
sanitary human waste receptacles 
are developed. 

Another area which must be con- 
sidered is muscular activity. On 
earth, every movement we make is 
work done against the force of 
gravity. It is feared that under a 
condition of zero gravity, with so 
little work expended in movement, 
muscular coordination will serious- 
ly suffer, For example, a normal 
step on earth would result in a leap 
from one side of the space ship to 
the other. A sneeze would result 
in a man’s being propelled against 
the opposite wall of the space 
ship. Suppose through some won- 
derful power of acclimatization 
man was able to master his move- 
ments under weightlessness. What 
would result when he returned to 
earth? This would probably be 
analogous to a baseball player who 
swings one bat during practice, but 
upon facing the pitcher must carry 
twenty bats, After weightlessness, 
man would feel as if he were walk- 
ing around with hundred pound 
weights in either shoe. The ques- 
tion is will man be able to rede- 


velop his muscular coordination 
after being exposed to weightless- 
ness? 

How will weightlessness affect 
man’s orientation? Three systems 
in the body contribute to man’s or- 
ientation; they are the visual, 
kinesthetic, and vestibular systems. 

The kinesthetic apparatus con- 
sists of special receptors situated 
in muscles, tendons, connective tis- 
sue, skin, viscera, and nervous con- 
nections with the brain. The 
vestibular system consists of the 
paired small balance organs lo- 
cated in the inner ear and their 
nerve connections to the cerebral 
cortex, perception center of the 
brain, The otolithic organ in the 
ear is sensitive to linear accelera- 
tion and deceleration, while the 
three semicircular canals (which 
orient man to three dimensions ) 
are sensitive to angular acceleration 
and deceleration. The otolithic or- 
gans and the kinesthetic organs are 
both activated by an external force 
such as gravity or an accelerative 
or decelerative force. Since in outer 
space no external forces would be 
present, it is expected that these 
systems would behave quite dif- 
ferently. 

Disorientation can also be ex- 
plained by considering the action 
of the liquid in the inner ear. 
When we stand erect, the liquid 
in the ear comes in contact with 
extremely fine hairs on the lower 
surface of the cochlea. When we 
stand on our head, the liquid 
comes in contact with the upper 
surface of the cochlea. This dif- 
ferentiates up from down. How- 
ever under zero gravity the liquid 
could come in contact with both 
the upper and lower surfaces simul- 
taneously. This unfortunately will 
bewilder our spaceman. Scientists 
intend to modify this problem by 
using a very obvious visual aid; 


Dr. Kingsbury, Botany Dep’t. C.U. 

This is a form of algae, haemato coccus, 

which may allow an_ interplanetary 
voyage. 
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they plan to paint the ceiling of 
the space cabin one color and the 
floor another. 

Temperature in outer space 
ranges from -67C to 26,000°C. 
This is not quite as serious as it 
would seem, ause molecules in 
space are very far apart and hence 
the only effective method of heat 
transfer is radiation through the 
propagation of electromagnetic 
waves, A shiny metallic surface on 
the space ship would reflect these 
waves and tend to minimize 
temperature changes. 

Inside the spaceship zero gravity 
does strange things with heat trans- 
fer. Under this condition convec- 
tion will cease. A consequence of 
this is that the body cannot be 
cooled through perspiration or 
evaporation, Air ventilation is 
deemed mandatory since gases will 
not mix well and there might be 
localized deficiencies of oxygen 
which could cause suffocation, At 
high temperatures, protective cloth- 
ing will be necessary. Clothing 
with a metallic lustre that will re- 
flect heat would be effective, as 
would clothing that precools the 
skin (such as by wetting). 

How will meteors affect our 
space passenger? Large meteors 
are not the only ones which cause 
trouble. Very small meteors will 
create a puncture perhaps the size 
of a small pea. Crew members have 
only fifteen seconds before they 
succumb to hypoxia. Therefore 
emergency apparatus must be 
available. If hit by a large meteor 
(some weigh hundreds of tons and 
travel at 36,000 mph), emergency 
apparatus would be of little use. 
Collision with meteors is possible, 
but only remotely probable. Until 
more information is gained about 
their relative occurrence, they will 
remain an occupational hazard. 


Cosmic Rays 


What effects will cosmic radia- 
tion have? Primary cosmic radia- 
tion is the assemblage of all radia- 
tions whose individual particle en- 
ergies exceed some arbitrarily se- 
lected value, usually 2x10° electron 
volts. Cosmic radiation is a con- 
glomeration of atomic particles 
having a frequency of the order of 
10** cycles per second and nearly 
attaining the velocity of light. Such 
radiation is known to have a 
genetic effect. Experiments show 
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that it induces mutations during 
mitotic cell division. Mitosis is the 
process by which a human cell 
divides into two new cells, each 
exactly like the parent cell. If, dur- 
ing the process of cell division, 
these high frequency particles 
bombard the cell, the result is an 
unequal distribution of chromo- 
somes, This produces two mutant 
or diseased cells, These cells then 
divide, each producing more dis- 
eased cells, The final result is not 
attractive. Cosmic radiation may 
also cause severe damage in the 
hypothalamic region of the brain 
by changing the complex patterns 
of electrical activity of the brain. 
A great deal more information is 
needed on this topic as to where 
and how much radiation is to be 
expected. Scientists are presently 
attempting to devise methods by 
which the spaceman could be 
shielded from these powerful radi- 
ations. One promising possibility is 
to deflect the particles by inducing 
a magnetic field around the space- 
ship. 


Ten years ago, a flight to the 


moon was in the realm of science- 


fiction. Now we are on the thresh- 
hold of putting man on a distant 


planet. A great amount of research 


must still be done. Myriad un- 
knowns must be intelligently in- 
vestigated and understood, and 
complex problems must be solved. 
— man into outer space is 
a challenge to man’s brainpower 
and imagination. One of the moti- 
vations to space travel is embodied 
in this statement by the late Albert 
Einstein: “The fairest theory we 
can experience is the mysterious. 
It is the fundamental emotion 
which stands at the cradle of true 
science. He who knows it and can 
no longer wonder, no longer feel 
amazement, is as good as dead.” 

Man is not a fish, but he can 
swim; he is not a bird, yet he has 
learned to fly. Similarly, man’s 
body is not suited to space travel, 
but with the astronomer, biologist, 
and engineer working together, 
man will also reach the distant 
planets, 


Fafnir Ball Bearings help turbojets 
set new performance records 


A recent article in a leading newspaper quoted 
airline executives to the effect that Pratt and 
Whitney Aircraft jet engines are proving to be 
the most reliable ever put into commercial 
planes. 

In designing these jet engines, Pratt & 
Whitney Aircraft looked to The Fafnir Bearing 
Company as a major source for main rotor 
thrust bearings, generally regarded as among 
the critical engine components, and one of the 
most exacting to produce. Each ball bearing is 
custom-built and rigorously tested. Tolerances 
are held to the millionths-of-an-inch. 

P&WA turned to Fafnir because of Fafnir’s 
long experience in the design and development 
of aircraft bearings. Fafnir established an aire 


craft division thirty years ago, the first in the 
industry, and through it, is keeping pace with 
the revolutionary changes in aircraft design. 

To help solve this and other bali bearing 
problems, Fafnir maintains the most up-to-date 
facilities for metallurgical research, and bear- 
ing development and testing. Fafnir may be 
able to help you some day. Worth bearing in 
mind. The Fafnir Bearing Company, New 
Britain, Connecticut. 


FAFNIR 


BALL BEARINGS 
Most Complete Line in America 
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Since its inception nearly 23 years ago, 
the Jet Propulsion Laboratory has given 
the free world its first tactical guided mis- 
sile system, its first earth satellite, and 
“ its first lunar probe. 

: In the future, under the direction of the 
; National Aeronautics and Space Admin- 
E istration, pioneering on the space fron- 


... THE EXPLORATION OF SPACE 


tier will advance at an accelerated rate. 

The preliminary instrument explora- 
tions that have already been made only 
seem to define how much there is yet 
to be learned. During the next few years, 
payloads will become larger, trajectories 
will become more precise, and distances 
covered will become greater. Inspections 


will be made of the moon and the plan- 
ets and of the vast distances of inter- 
planetary space; hard and soft landings 
will be made in preparation for the time 
when man at last sets foot on new worlds. 

In this program, the task of JPL is to 
gather new information for a better un- 
derstanding of the World and Universe. 


“We do these things because of the unquenchable curiosity of 
Man. The scientist is continually asking himself questions and 
then setting out to find the answers. In the course of getting 
these answers, he has provided practical benefits to man that 
have sometimes surprised even the scientist. 

“Who can tell what we will find when we get to the planets? 


Who, at this present time, can predict what potential benefits 
to man exist in this enterprise? No one can say with any accu- 
racy what we will find as we fly farther away from the earth, 
first with instruments, then with man. It seems to me that we 
are obligated to do these things, as human beings:’ 

DR. W. H. PICKERING, Director, JPL 


CALIFORNIA INSTITUTE OF TECHNOLOGY 
JET PROPULSION LABORATORY 
A Research Facility operated for the National Aeronautics and Space Administration 
PASADENA, CALIFORNIA 
Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 
INFRA-RED OPTICS MICROWAVE SERVOMECHANISMS COMPUTERS LIQUID AND SOLID PROPULSION ENGINEERING MECHANICS 
STRUCTURES ¢ CHEMISTRY « INSTRUMENTATION ¢ MATHEMATICS AND SOLID STATE PHYSICS 


Send professional resumé for our immediate consideration. Interviews may be arranged on Campus or at the Laboratory. 
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This “windmill” or turbine, spun by hot gas, powers the turbocar. For such a hot 
spot, designers depend on Nickel to help them solve heat-resistance problems. 


How Inco Nickel is helping develop 


the new gas turbine car of tomorrow 


It will be power-packed: the gas turbine 
engine in your dream car of the future 
and tomorrow’s trucks and buses. 
Only one spark plug— 
runs on kerosene 
This new engine is much lighter, smaller. 
It has far fewer parts. No pistons. No water 
system. Only one spark plug. Runs on 
lower-grade fuels. 
Not yet in production! 
Before the car is a showroom reality, engi- 
neers face a number of problems. 
One problem—the one Inco is helping with 
--is metals. Strong and economical metals 
to resist heat and corrosion. 
Gas turbines operate at up to 1600°F. These 
temperatures step up corrosion of metals, 
promote troublesome distortions. So the 
job is to develop practical alloys able to 
carry the load—alloys that can, at the same 
time, offset the corrosives, resist the distort- 
ing forces found at jet-high temperatures. 
How far has Inco research gone 
in its search for practical alloys? 
Difficult as they are, the problems of metal 
performance at high temperature are a 
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familiar story at Inco. Inco research has 
dealt with them for years. And come up 
with solutions in the gas turbine and in 
many other fields. In conventional, atomic, 
and thermionic power. In petrochemistry. 
In heat treating. In jet aviation. In mis- 
silry. Even in Hollywood’s 8000°F carbon- 
are “suns.” 


COMBUSTION 


COMPRESSOR 


Inco’s files contain a wealth of metal infor- 
mation .. . over 300,000 indexed and cross- 
referenced case histories, for example. 
Keep this in mind against the day you 
may need information. ©1960, Inco 


The International Nickel Company, Inc. 
New York 5, N. Y. 


HEAT EXCHANGE 
TO COMPRESSOR 
OUTLET 


&, International Nickel 


The International Nickel Company, Inc., is the U. S. affiliate of The International Nickel Company 
of Canada, Limited. Producer of Inco Nickel, Copper, Cobalt, Iron Ore, Tellurium, Selenium, Sulfur 
and Platinum, Palladium and Other Precious Metals. 
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CORNELL SOCIETY OF ENGINEERS 


107 EAST 48TH STREET 1959-1960 NEW YORK 17, N.Y. 


DONALD D, HAUDE 
WILLIAM F. GRATZ 


Secretary-Treasurer 


Recording Secretary 


GEORGE F. MUZDEN Assistant Secretary & Assistant Treasurer 


Regional Vice Presidents 
New England (Boston) Branch 
Walter J. Hickey 
Chicago Branch 
Frederick M. Gillies 
Cleveland Branch 
Ladimir R. Zeman 


HONORARY OFFICERS 


President: D. R. Corson, Dean, College of Engineering 


Vice Presidents 


J. F. McManus, Asst. Dean 
College of Engineering 


N. A. Christensen, Director 
School of Civil Engineering 


H. J. Loberg, Director 
Sibley School of Mechanical 
Engineering Engineering 
H. G. Booker, Director 
School of Electrical Engineering 


ENGINEERING SCHOOL REPRESENTATIVES : 
Electrical Engineering S. D. Teetor 


Graduate School of Aeronautical 

Engineerin Robert T. Dodd 

Leon Swirbul William Littlewood 

Chemical and Metallurgical Engineering J. Carlton Ward 

John Westberg Wayne E. Kuhn 
Civil Engineering 

J. Wright Taussig 


Detroit Branch 
Fred J. Finkenauer 
Delaware Valley (Phila.) Branch 
James W. Johnstone 
St. Louis Branch 
Stephen S. Adams, Jr. 


C. C. Winding, Director 
School of Chemical and 
Metallurgical Engineering 
T. R. Cuykendall, Director 
Department of Engineering Physics 
W. R. Sears, Director 
Graduate School of Aeronautical 


Daniel M. Lazar — Elliott R. Thompson 


Walter M. Bacon 


Engineering Physics 


Thomas W. Hopper 


Sibley School of 
Mechanical Engineering 


J. Paul Leinroth 


“The objects of this Society are to promote the welfare of the College of Engineering at Cornell University, 
its graduates and former students, and to establish closer relationship between the College and its alumni.” 


THE PRESIDENT’S LETTER— 


In the Spring of the year they say that a young 
man’s fancy lightly turns to thoughts of love. In the 
Spring of the year the thoughts of an organization 
turn towards a recapitulation of what their achieve- 
ments have been for the past year. This message shall 
serve as a brief resume of some of the happenings of 
the Society, since the start of the fiscal year. The 
Society is organized on a basis which starts on the 
first day of July, the middle of the calendar year, 
rather than on the first of the calendar year. 

This past Fall the first nationwide meeting was 
held. The location was, most naturally, at Cornell. 
Representatives from the different Chapters of the 
Society attended the meeting and, at appropriate 
points Dean Dale Corson and Assistant Dean, John 
McManus and others, were present. As an outgrowth 
of that meeting the Society has definitely decided to 
hold annual meetings of the officers at least once a 
year, in Ithaca. This will definitely improve the liaison 
between the Society and the College as a whole and 
it should enhance both the University and the 
Society. 

In one of the previous issues, I discussed on this 
page the intention of the Society to establish ad- 
ditional Chapters throughout the country, The re- 
sponse has been favorable and I can now safely an- 
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nounce that at least two Chapters will be organized 
this year. Thanks to the intensive efforts of our Secre- 
tary-Treasurer, Don Haude, an organizational kick- 
off meeting is being held in Washington, D.C., prob- 
ably the latter part of April. Assistant Dean, John 
McManus, from the University, will be present to 
help us have a successful meeting. A second Chapter, 
at the present time referred to as the Bay Area Chap- 
ter, is also in the process of being organized. Norm 
Bergrun, C.E. "43, of Palo Alto, California, is the 
motivating force of the Society behind this Chapter 
and the initial meeting is expected to take place in 
May of this year. 

There is one item which we have attempted to ac- 
complish, but with which we have not met with too 
great a success. This is the setting up of Cornell 
Society meetings to be held as an integral part of the 
program of the different Engineering Societies at the 
time and place of their conventions. These meetings 
need at least one man from each of the Societies to 
act as the liaison for the Cornell Society with the 
Technical Societies and to actively run the luncheon 
meeting during the main Society convention time. 
Any members that would be willing to help out on 
this are urgently requested to contact the writer. 

Stephen D, Teetor ’43, President 
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ALUMNI ENGINEERS 


Gustav J. Requardt, C.E. ’09, 
has been elected an _ honorary 
member of the American Society 
of Civil Engineers at the 1959 An- 
nual Convention of the Society. 

Mr. Requardt is a partner in the 
Baltimore firm of Whitman, Re- 
quardt, and Associates, He has had 
several consulting assignments, in- 
cluding one for the State of New 
Jersey on Deleware River diversion 
and one for the Army Corps of 
Engineers on flood pumping of the 
Susquehanna River. 

Mr. Requardt has made great 
contributions to his profession in 
his work on the ASCE Manuals 
dealing with the private practice 
of civil engineering. He has been 
extremely active in the ASCE and 
is a past president of the Cornell 
Society of Engineers. 


Charles B. Palen, B.S.M.E. 713, 
retired recently after forty-six years 
with the Newport News Shipbuild- 
ing and Dry Dock Company. Mr. 
Palen joined the Company immedi- 
ately after his graduation from 
Cornell. He was made assistant 
superintendent of the Machinery 
Installation Division in 1927 and 
became superintendent of the Di- 
vision in 1936. 

Mr. Palen moved into nuclear 
propulsion activities in 1955 when 
he was made manager of the 
Atomic Power Installations Divi- 
sion, which was organized to carry 
out the Company's part in the 
Atomic Energy Commission’s AlW 
project. He served as vice-president 


James N. Ottobre 
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in charge of operations for the East- 
ern Idaho Construction Company, 
a subsidiary of the Newport News 
Shipbuilding and Dry Dock Com- 
pany, founded to carry on the work 
of the AlW project. The aim of the 
work was to build a full-scale nu- 
clear power engineroom, a proto- 
type for the engineroom on the air- 
craft carrier Enterprise, now being 
constructed at Newport News. 


Rafael R. Ramirez, M.E. ’24, has 
been appointed assistant executive 
director for power operations of the 
Puerto Rico Water Resources Au- 
thority. Having worked for the 
public utility company since his 
graduation from Cornell, Mr. Ram- 
irez served as head of the Power 
Division for thirty-two years. 


Rafael R. Ramirez 


Richard R. Lyman, M.C.E. 03, 
Ph.D. ’05, was the subject of articles 
in the July, 1957 and July, 1958 
issues of the Sons of Utah Pioneers 
News and in the spring, 1959 num- 
ber of The Gear of Theta Tau. A 
consulting engineer, Mr. Lyman 
created the modern Lyman street 
numbering system that is spreading 
throughout the West. He was a 
consulting engineer on Chicago's 
sewage disposal system, the Colo- 
rado River aqueduct, and the Grand 
Coulee Dam; these three projects 
were among the seven selected by 
the American Society of Civil En- 
gineers as the “modern civil engi- 
neering wonders of the United 
States.” 


Jes J. Dall III, B.S.M.E. ’43, has 
been appointed general manager, 
electric welding, for the Linde 
Company Division of Union Car- 
bide Corporation. 


Paul P. Titchener 


Paul P. Titchener, M.E. 713, 
president of E, H. Titchener and 
Co. of Binghamton, was recently 
presented with the 1959 Hall 
of Fame Congress Award by Amer- 
ican Legion Post 80. The award 
was in recognition of his outstand- 
ing work in the establishment of 
Broome County Community Col- 
lege. Mr. Titchener was appointed 
chairman of the first board of di- 
rectors of the College by Governor 
Dewey in 1946, He has also been 

resident of the Binghamton Cham- 

r of Commerce, chairman of the 
Citizen’s Committee for Urban Re- 
newal and Development, and a 
member of the executive commit- 
tee of the Valley Development 
Foundation. 


James N. Ottobre, B.E.E. ’49, has 
been named manager of the devel- 
opment laboratories at Lockheed 
Electronics Company's Stavid Di- 
vision in Plainfield, N.J. Mr. Otto- 
bre joined Stavid after graduating 
from Cornell and served as man- 
ager of the shipboard electronics 
department from 1955 until his re- 
cent appointment to the develop- 
ment laboratories. 


The Cornell Society of Engineers 
and the Cornell Club of Cleveland 
will sponsor a dinner May 2 at 6:00 
P.M. at the Cleveland Engineering 
and Scientific Center. Dean Dale R. 
Corson and Assistant Dean John F. 
McManus will be the speakers. 
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Learn how to build the new 
DEEP-STRENGTH 
Asphalt pavements 


If you’re going into Civil Engineering, it will pay 
you to keep a close eye on Asphalt design devel- 
opments. 

Here, for example, is the latest from Oklahoma 
... one of the new, DEEP-STRENGTH Asphalt 
pavements the state is using on Interstate 40. 
This one is outstanding because its base is 8 inches 
of hot-mixed—hot-laid sand-Asphalt . . . no coarse 
aggregate. 

Why 8 inches? Why not 6 or 10? What did engi- 
neers do to insure good drainage? What factors 
set the design? 

The Asphalt Institute answers questions like 
these . . . keeps you abreast of all the latest in the 
design of Asphalt Highways, the most durable 
and economical pavements known. Would you 
like our new booklet, ‘‘Advanced Design Criteria 
for Asphalt Pavements”, or our “Thickness De- 
sign Manual”? Write us. 


Design for your future! 


Ribbons of velvet smoothness... 
ASPHALT-paved Interstate Highways 


THE ASPHALT INSTITUTE 


Asphalt Institute Building, College Park, Maryland 


Plan YOUR FUTURE with 


Charles Thornton, Ga. Tech., Sarbjet Singh, India 
We offer a training course to college graduates 
in Mechanical Engineering. 


Get details of this practical training course now, 
and prepare yourself for a career in the field of 
commercial and industrial refrigeration. 


Ask for Bulletin 412. 


DEPENDABLE REFRIGERATION SINCE 1682 
ERICK CO. 


WAYNESBORO, PENNA. U.S.A 


“ONE OF THE GREAT CLOTHING STORES OF THE STATE’ 


The store to shop for authentic 


Ivy clothing and furnishings 


Home of Famous Name Brands 


When writing to advertisers please mention the CornneLL ENGINEER. 
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New styles for the man-about-space 


Every time a space traveler leaves home (earth), he has to wrap himself in 
the complete environment necessary to his physiological and psychological 
well-being. Styling sealed space capsules to suit man’s every requirement 
has been a major project at Douglas for more than ten years. Forty basic 
human factors areas were explored in these studies. Now Douglas engineers 
have evolved plans for practical space ships, space stations and moon 
stations in which men can live and work with security thousands of miles 
from their home planet. We are seeking qualified engineers and scientists 
who can aid us in furthering these and other out-of-this-world but very down- 
to-earth projects. Write C. C. LaVene, Box B-600, Douglas Aircraft Company, 
Santa Monica, California. 


Dr. Eugene Konecci, Head, Life Sciences Section, reviews a new concept 
in space cabin design with Arthur E. Raymond, D 0 U G L A S 
Senior Engineering Vice President of 
MISSILE AND SPACE SYSTEMS @ MILITARY AIRCRAFT & DC-8 JETLINERS i CARGO TRANSPORTS &@ AIRCOMB® & GROUND SUPPORT EQUIPMENT 
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School of Mechanical Engineering 
Class of 1960 


1, Cowing, Th 2. Thompson, Richard; 3. Thompson, Terry; 4. Chase, Robert; 5. Gatz, Richard; Prof. H. J. Loberg; 6. Ignall, Edward; 7, Latta, 
Laurence; 8. Noreiks, Richard; 9. Johnson, Graham; 10. Horwich, James; 11. Buckley, Jermy; 12. Rogg, Oakar; 13. Teel, Lawrence; 14, Bosworth, Jona- 
than; 15. Parker, H. Randall; 16. Brustman, Fred; 17. Freeman, Michael; 18, Heck, Prentiss; 19. Cermak, James; 20, Goldberg, Joel; 21. Copeland, 
Keonard; 22. Ruger, George; 23. Hospodor, Andrew; 24. Curran, James; 25. Kreisel, Lyndon; 26. Day, William; 27. Gregersen, Erid; 28. Scott, William; 
29. Vosburg, John; 30. Ehrlich, Fred; 31, Crites, Robert; 32. Ogan, Randolph; 33. Kritz, Mark; 34. Jutto, Henry; 35. Gordon, John; 36. Megrue, John; 
37. Owens, Gerald; 38, Hellriegel, William; 39. Chandler, David; 40, Prohaska, Carl; 41. Beatty, James; 42. Andorn, Paul; 43, Brewer, Donald. 


44. Helmick, E. Broods; 45, Fraser, Kenneth; 46. Bloch, Harold; 47. McCarthy, Paul; 48. Brown, Charles; Prof. H. J. Loberg; 49. Beck, Charles; 50. 
Kelley, Robert; 51, Guzik, Michael; 52, Demer, Ronald; 53. Fishzohn, Marc; 54. Kempster, Thomas; 55. Williams, Royce; 56. Penrose, J. H.; 57. Cook, 
Charles; 58, Van Wirt, Karl; 59. Schneider, George; 60, Shaw, Robert; 61. Thomas, Karl; 62. Scoville, Wayne; 63. Smith, Fred; 64, Failla, Stephen; 
65. Eichhorn, Denis; 66. Priedeman, Dan; 67. Frank, John; 68. Behling, Roy; 69. Fetterolf, John; 70. Luthy, Thomas; 71. Erston, Walter; 72, Bynum, 
Otis; 73. Bosses, Stevan; 74. Hoffman, Ross; 75. Steelman, D.; 76. MecNitt, David; 77. Robinson, Roger; 78. Lake, J. T.; 79. Crites, R. Clay; 80. Brown, 
Junius; 81. Evans, John; 82. Kiviat, Philip; 83. Foster, Albert; 84, Chase, R. Mowry; 85. Geoffrion, Arthur; 86, Glenn, James; 87. Austin, David; 88. 
Metzger, Robert; 89. Goldberg, B.; 90. Braden, Kenneth; 91, Sites, William; 92. Hatfield, John; 93. Arden, Peter, 
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School of Electrical Engineering 
Class of 1960 


1. Van Raalte, Peter; 2. Savitsky, Edward; 3. Bandler, Michael; 4. Cheney, Seth; 5. Kahne, Stephen; Prof. W. H, Erickson; Prof. E. M. Strong; 
Frey. Jeffrey; 7. McCrohan, Edwin; 8, Rosenthal, Alan S.; 9. Resnick, Mark; 10. Lamensdorf, David; 11, Fine, Stephen; 12. Fellows, Richard; 13. 
McCarthy, William; 14, Stewart, C. W.; 15. Holmes, Lewis; 16. Osborn, Dale; 17. Roelofs, Thomas; 18, Estes, Bay; 19, Newhouse, Alan; 20, Zeitlin, 
Gerald; 21. Ball, Richard; 22. Ward, Kenneth; 23, Flanagan, Edward; 24. Workman, Kenneth; 25. Plager, David; 26, Nathan, Charles; 27, Goldstein, 
Boris; 28. Azukas, Robert; 29, Golder, Stephen; 30. Turner, Joell; 31. Tallman, James; 32, Forster, Karl; 33. Snyder, David; 34. Kins, Fred; 35. Von 
Borstel, Ernest; 36. Chayt, Gerald; 37. Ballow, Frank; 38. Churchill, William; 39. Marotta, Arthur; 40, Sacerdote, Peter; 44. Spencer, Donald; 45. 
Coleman, James; 46. Hodges, David; 47. Kingston, William; 48. Wolf, Robert; 49. Logan, Hugh; 50. Honda, Leland; 51, Bowman, Peter; 52, Ide, 
Charles; 53. Conger, G. Brewer IH; 54. Schmitt, Fred; 55. Tafuri, William; 56. Fearnside, William. 


School of Chemical Engineering 
Class of 1960 


1. Switzer, David; 2. Deibert, Max; 3, Sheehan, Brian; 4, Babcock, William; 5. Beck, Charles; 6. Blacker, Richard; 7. Pakurar, Thomas; 8. Evans, Barry; 
9. Fox, Chester; 10. Gates, Gervase; 11, Brockmeier, Norman; 12. Miller, Howard; 13. Joyner, Nelson; 14. Morris, Paul; 15. Rosen, Stephen; 16. 
Martin, Allan; 17. Kowalski, Carl; 18. Anckattis, William; 19. Bryce, James; 20, Dewey, Philip; 21. Finnegan, John; 22, Alexander, Stuart; 23. Rand, 
Kenneth; 24. Mortimer, Glenn; Prof. Malcolm S. Burton; Prof, Robert L. Von Berg; Prof. Raymond G. Thorpe; Prof, George V. Smith; Dr, Charles 
C. Winding; Prof, Clyde W. Mason; Prof. Herbert F. Wiegandt; Prof. Ferdinand Rodriguez; 25, Franke, Richard. 
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BNGINEERS@*SCIENTISTS 


THE 


MITRE 


CORPORATION 


Invites Candidates for Baccalaureate 
and Graduate Degrees to Investigate 
the Career Opportunities Available 


in Large-Scale System Engineering 


Accelerating programs in the growing techno- 
logical field of large-scale system engineering 
at MITRE afford young engineers and scien- 
tists unique career opportunity because: 


© MITRE, a systems engineering and development 
organization, formed under the sponsorship of the 
Massachusetts Institute of Technology, has the 
unusual assignment of providing engineering solu- 
tions to the varied and complex problems inherent 
in large-scale air defense systems. 


@ The complexities involved in the design and 
development of the world’s largest real-time 
control systems provide an opportunity to apply 
professional skills across a broad scientific spec- 
trum. Included within this long-range work pro- 
gram is the design, development, evaluation and 
integration of the diverse components, equipments 


‘and subsystems from which total systems are 


evolved. This is a continuing assignment because 
the MITRE system approach takes cognizance of 
the immediate and long-term threat, the total 
defense technology — both present and projected — 
and the complex logistics of air defense that 
insures the best possible defense system, at mini- 
mum cost, for any given time period. 


¢ Working directly with the men who designed 
and developed the SAGE System, professional 
growth is stimulated in a multi-disciplined environ- 
ment where there is freedom of choice to apply 
individual skills in areas which best fit professional 
talents. Assignments range from system design 
through prototype development to advanced oper- 
ations research. 


e@ Openings are available at MITRE’s modern 
locations in suburban Boston, Massachusetts — 
Fort Walton Beach, Florida — and Montgomery, 
Alabama. 


We invite you to discuss with us how your academic training 
can be effectively utilized in the following areas: 


@ COMMUNICATIONS SYSTEMS 
® RADAR SYSTEM DEVELOPMENT 


¢ REAL-TIME COMPUTER CONTROL SYSTEMS 


¢ ENVIRONMENTAL TESTING 
AND EVALUATION 


¢ SYSTEM RESEARCH AND DESIGN 
¢ COMPONENT DEVELOPMENT 


¢ ELECTRONIC RECONNAISSANCE AND 


COUNTERMEASURE SYSTEMS 
¢ BASIC ELECTRONIC RESEARCH 


Please contact your Placement Director to arrange interview on campus 


THE MITRE CORPORATION 


244 Woop Street — LEXINGTON 73, MAssACHUSETTS 


A brochure more fully describing MITRE and its activities is available on request. 
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COLLEGE NEWS 


Edited by R. A. Stern, EE ’63 


WANG AWARDED EMANUEL 
VISITING PROFESSORSHIP 

Professor Chao C. Wang, Sper- 
ry Gyroscope Company electronics 
expert, has been awarded the Vic- 
tor Emanuel Distinguished Profes- 
sorship at Cornell University for 
the spring, 1960 term. 

The AVCO Manufacturing Cor- 
poration established the one-term 
visiting professorship in the Col- 
lege of Engineering at Cornell in 
the fall of 1957, to be known as 
the Victor Emanuel Distinguished 
Professorship, honoring —_Victor 
Emanuel, ’19, who is a trustee of 
the University. 

Prof. Wang, head of microwave 
tube research at Sperry, is the 
fourth recipient of the academic 
honor, awarded to “persons of 
broad technical competence whose 
interests extend into many fields of 
science and engineering.” In keep- 
ing with the original intent of con- 
ferring the honor on distinguished 
men who would be “brought to the 
campus chiefly for their ability to 
stimulate the (Cornell) staff both 
academically and _ professionally,” 
the honor has gone in the past to 
Theodore von Karman, leading 
aerodynamicist; Balthazar von der 
Pol, expert in applied mathematics; 
and Olof E. H. Rydbeck, Swedish 
authority on upper atmosphere 


Dr. Chao C. expert 

from Sperry Gyroscope Company, is 

Victor Emanuel Visiting Professor at 
Cornell for the spring term, 1960. 
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physics. 

Recipients of the award are not 
required to hold formal classes at 
the University, but they do con- 
duct seminars for graduate stu- 
dents and give University-wide lec- 
tures. Most of their time is spent in 
study and consultation with Uni- 
versity research personnel in both 
the theoretical and practical as- 
pects of science and engineering. 

A Sperry research scientist since 
1946, Prof. Wang is known widely 
for his many basic contributions to 
the fields of electron physics and 
microwave tubes. His work on mag- 
netic focusing systems for electron 
beams and electromagnetic inter- 
action circuits made possible the 
construction of extremely high- 

wer radars for United States de- 


ense, 

Prof. Wang also developed 
mathematical techniques which 
permit electronic computers to 
yield engineering solutions to com- 
plex problems of microwave de- 
velopment. 

Having graduated from Chiao- 
Tung University in Shanghai with 
a B. S. degree in 1936, Prof. Wang 
received M.S. and Ph.D. degrees in 
radio communications from Har- 
vard University in 1938 and 1940. 

A member of the American 
Physical Society and the American 
Association for the Advancement 
of Science and a fellow of the 
Institute of Radio Engineering, he 
has published a number of papers 
on electronic tube theory and 
holds several patents. 


SUMMER SCIENCE PROGRAM 
DEMONSTRATES ITS WORTH 


More than three-fourths of the 
thirty-four New York State high 
school juniors who took college- 
level courses under a special pro- 
gram at Cornell University last 
summer have won New York State 
regents scholarships. The program, 
a Summer Science Institute for 
Secondary School Students, was 
sponsored by the National Science 
Foundation. 

Approximately sixty high school 
juniors and seniors were chosen 
from over 1600 applicants to take 
part in the Institute. Of this total, 


forty-three were from New York 
State. Nine of these people were 
either seniors in high school or 
were juniors who had been accept- 
ed for college after three years of 
high school. Of the thirty-four re- 
maining students eligible for re- 
gents scholarships, twenty-seven 
were given the awards while four 
of the others were named as alter- 
nates. One participant, Stephen R. 
Chinn of Middletown, tied for first 
place in the regents competition 
with a score of 279 out of a pos- 
sible 300. 


TERRAIN AVOIDANCE SYSTEM FOR 
PLANES DEVELOPED AT C.A.L. 


The Cornell Aeronautical Lab- 
oratory has developed an experi- 
mental automatic terrain avoidance 
system and will begin flight testing 
the equipment in the near future. 
The low-altitude automatic flight 
control system is being installed in 
an Air Force B-57B for flight eval- 
uation of the equipment. To date, 
installation of initial instrumenta- 
tion and special radar has been 
completed. 

The automatic terrain avoidance 
system was developed under a pro- 
gram sponsored by the Wright De- 
velopment Division of the Air 
Research and Development Com- 


Photo Science 

Thor N. Rhodin, associate professor of 

engineering physics, has been appointed 

to the faculty of the School of Metal- 

lurgical Engineering and will conduct a 

seminar in the a chemistry of 
metals. 
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mand, Called Project Autoflite, the 
eon has progressed from feasi- 

ility studies to instrumentation for 
flight testing over the past three 
years, The Project is an outgrowth 
of earlier Cornell Laboratory re- 
search on terrain avoidance which 
began in 1953. 


M.E. SCHOOL RECEIVES 
UNRESTRICTED GRANT 


Unrestricted grants totalling over 
$100,000 were distributed recent- 
ly by Hercules Powder Com- 
pany among thirty American col- 
leges and universities. The $2500 
awarded to Cornell went to the 
Sibley School of Mechanical Engi- 
neering and will be spent on re- 
search equipment. 

On the theory that the educators 
themselves know what is best to 
strengthen the American educa- 
tional system, the heads of the 
departments receiving grants are 
given complete freedom in the use 
of the funds. 

Of the thirty-one grants awarded, 
nine were made to chemistry de- 
partments, twelve to engineering 
departments, three to mechanical 
engineering departments, one to a 
mining engineering department, 


and six to miscellaneous other de- 
partments. 


ROLL-OVER SIMULATOR TESTS 
FOR INJURIES FROM SKIDDING 


Test results released by the Cor- 
nell Aeronautical Laboratory and 
the Liberty Mutual Insurance Com- 
pany indicate that a person riding 
in a car which rolls over suffers a 
potentially injurious head blow un- 
less he is restrained by a seat belt 
or similar device. 

A recently completed Cornell 
Laboratory research project, spon- 
sored by Liberty Mutual, investi- 
gated automobile roll-over crashes 
under controlled laboratory condi- 
tions. Using a CAL-developed roll- 
over simulator, scientists studied 
the motion and impact of pas- 
sengers during such crashes. 

The roll-over simulator consists 
of a standard model 1956 car body 
mounted between two turntables 
which rotate the car ninety degrees 
or more from horizontal at con- 
trolled turning rates, The attitude 
of the car with respect to the 
ground can also be changed to sim- 
ulate side rolls or end-over-end 
crashes. 

For the tests, dummies scaled to 


represent the average adult male 
and a_ six-year-old child were 
placed in the front seat of the roll- 
over car, Their heads were chalked 
to mark impact points and a high 
speed camera recorded their mo- 
tions and velocities. 

The tests conducted by CAL’s 
Vehicle Dynamics Department 
showed that the first ninety degrees 
of automobile roll-over determines 
the directions, velocities, and im- 
pact points of the occupants, It 
was found that the driver or his 
passenger invariably receive po- 
tentially injurious head blows 
against the side or roof of the auto- 
mobile unless body restraining de- 
vices such as seat belts are used. 
Such devices proved extremely ef- 
fective in preventing the head 
from striking the vehicle’s interior. 

On the basis of the roll-over 
studies, CAL scientists recom- 
mended that the interior sides and 
roof of automobiles be padded to 
reduce injury potential. They also 
suggested that the steering wheel 
and post be redesigned to eliminate 
them as an injury hazard and that 
automobile roof construction be 
strengthened considerably to avoid 
cave-ins during roll-over. 
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DUNHAM-BUSH 


E. L. DISBROW 
Tri-State College, Angola, Ind. ‘51 


E. DISBROW exemplifies the opportunity to grow with a young, 
growing company. Now District Manager of the Dunham-Bush Minne- 
apolis office, he supervises widespread engineering activities of a group 
of sales engineers representing a multi-product technical line. 


Engineering degree in hand, Ed went to work for Heat-X (a Dunham- 
Bush subsidiary) as an Application Engineer. Successive steps in the 
Dunham-Bush main office and as Sales Engineer in the New York 
territory brought him to his present managerial capacity. 


A member of Belle Aire Yacht Club, Ed leads a pleasant life afloat 
and ashore with his wife and two boys. 


Equally satisfying is Ed’s job. In directing calls on consulting engi- 
neers, architects, plant engineers, wholesalers, contractors and building 
owners, he knows he’s backed by the extensive facilities of Dunham- 
Bush laboratories. You can see him pictured above on a typical call, 
inspecting a Minnesota shopping center Dunham-Bush air conditioning 
installation. 


Ed’s success pattern is enhanced by the wide range of products he 
represents. For Dunham-Bush refrigeration products run from com- 
pressors to complete systems; the range of air conditioning products 
extends froni motel room conditioners to a hospital's entire air condi- 
tioning plant. The heating line is equally complete: from a radiator 
valve to zone heating control for an entire apartment housing project. 
The Dunham-Bush product family even includes highly specialized heat 
transfer products applicable to missile use. 

AIR CONDITIONING, REFRIGERATION, 
HEATING PRODUCTS AND ACCESSORIES 
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TECHNIBRIEFS 


Edited by D. J. Martin, ME ’62 


NEW SENSITIVE TV CAMERA TUBE 
INCREASES STUDIO FLEXIBILITY 


A new type of television camera 
tube requiring only one-tenth the 
amount of light needed by conven- 
tional camera tubes has been de- 
veloped by General Electric. The 
new tube is expected to cause 
many television innovations in both 
color and black-and-white. 

The key to the unusual perform- 
ance of the new tube lies in the 
fact that G.E. scientists have been 
able to devise a method of manu- 
facturing films of magnesium oxide 
only two millionths of an inch thick, 
If 1,500 of these films were stacked, 
their total thickness would be about 
that of a human hair. It is this “tar- 
a film which performs the crucial 
unction of transforming light im- 
pulses into electrical energy in a 
manner suitable to television broad- 
casting. 

The new tube is expected to in- 
crease greatly the flexibility in 
studio programing since it does not 
require complete base-light flood- 
ing of the scene. The tube also 
offers advantages in resolution and 
depth of field. Local demonstra- 
tions in about twenty-five major 
cities are to feature live models and 
action scenes technically arranged 
to provide a direct comparison be- 
tween the new super-sensitive tube 
and standard models. 


NEW COMPUTER PROGRAM AIDS 
SPECIALIZED CALCULATING 


The National Bureau of Stand- 
ards has developed a general-pur- 
pose program which enables scien- 
tists to apply high-speed computa- 
tion techniques directly to many of 
the problems arising in research. 
This program, called Omniform I, 
was designed to eliminate some of 
the delay caused by a wide variety 
of tedious computations which, be- 
cause of their ad hoc character, are 
not usually programmed, 

Omniform I is an interpretive 
program which enables even a user 
unfamiliar with computer program- 
ming techniques to instruct the 
machine to perform specialized cal- 
culations, Although this program 
was created primarily to meet the 


needs of workers in thermody- 
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namics and molecular physics, the 
mathematical operations involved 
are applicable to calculations in 
many fields of physics, chemistry, 
and engineering where properties 
of materials or other tabular data 
are required as a function of one or 
two variables. 

The program has anticipated a 
wide variety of common algebraic 
manipulations, The function types 
built into the program are identi- 
fied and called for by numbers 
similar to the stock numbers used 
in shoe stores to identify shoe styles. 

At present the program contains 
sixteen types of functions, includ- 
ing power series, natural and com- 
mon logarithms, exponential terms, 
six trigonometric functions, and six 
hyperbolic functions. 

Omniform is primarily a table 
generator. It can produce a table 
of fifty different functions for each 
of one hundred arguments. Among 
the tables which have been com- 
puted on Omniform are the follow- 
ing: ideal gas thermal functions for 
neon and electrons; anharmonic 
corrections for diatomic molecules; 
vapor pressure of solid nitrogen; 
virial coefficients for nitrogen gas; 
negative exponentials correspond- 
ing to certain atomic energy levels; 
polynomial substitutions; and table 
conversions of units. 


PHOTHERMIC IMAGE CONVERTER 
EXHIBITS HIGH SENSITIVITY 

A new infrared system sensitive 
enough to see moving objects near 
room temperature has been devel- 
oped by scientists at Westinghouse 
Research Laboratories. Known as 
the phothermic image converter, 
the all-electronic device changes 
the infrared radiation emitted by 
an object into a visible picture on 
a television screen, 

In general, infrared systems op- 
erate by sensing the heat energy 
radiated by a body and converting 
it, by means of some form of heat- 
sensitive detector, into equivalent 
electrical signals that can be ampli- 
fied and made visible to the human 
eye. The traditional method has 
been to use a sensitive crystal or 
infrared cell to detect the radiation 
and a mechanical scanning system 


to make the image visible. The new 
approach entails an all-electronic 
imaging system. Such a device has 
the potential advantages of faster 
response, higher sensitivity, and 
better picture detail. 

The system is sensitive enough 
to detect moving objects near room 
temperature when they exhibit 
temperature differences of approxi- 
mately 20°F. This is just about the 
spread between the temperature of 
the human body and that of the 
average living room. In addition, 
the system is fast enough to follow 
the movement of the objects with 
the same speed as a normally vis- 
ible object is followed by the un- 
aided human eye. 

The key component in the newly 
announced system is a unique in- 
frared-sensitive detector, or retina. 
The retina is a three-layer sand- 
wich only a few millionths of an 
inch thick. The center layer of the 
sandwich is a support film of alu- 
minum oxide about one millionth 
of an inch thick. This film is made 
by chemically dissolving away all 
of the aluminum metal in a piece of 
suitably treated household alumi- 
num foil, leaving only the thin 
layer of aluminum “rust” which 
coats the foil’s surface. 

The front surface of the oxide 
support film is coated with an even 
thinner layer of nickel, deposited in 
such thickness that it strongly ab- 
sorbs infrared radiation. The back 
surface of the film is coated with a 
thin layer of a photoemitting mate- 
rial called cesium bismuth—a chem- 
ical compound capable of releasing 
electrons when light shines upon it. 
Of key importance is the fact that 
the photoemitter’s ability to release 
electrons under the stimulus of 
light varies with its temperature, 
changing 2 or 3 percent for every 
degree its temperature changes. 
To increase the over-all sensitivity 
and performance of the detector, 
it is cooled to a temperature of 
about -180°F. 

The infrared radiation from an 
object is focused on the heat-ab- 
sorbing layer of the retina, forming 
a temperature pattern of the scene. 
This temperature pattern is trans- 


ferred through the thin support 
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layer to the photoemitting surface, 
where it can be perceived simply 
by scanning a spot of light across 
the surface. As the light spot scans 
the photoemitting surface, the 
number of electrons flowing from 
any point on the surface is in exact 
conformity to the heat pattern on 
it. These electrical signals are then 
amplified and fed to a standard 
television picture tube, where a 
visible picture appears. In this way, 
a point by point description of the 
temperature scene is created on the 
television screen. 


BUREAU OF STANDARDS USES NEW 
COMPUTERS TO SELECT TARGETS 


The National Bureau of Stand- 
ards is conducting a research pro- 
gram aimed at helping defense 
weapons to put each shot where it 
will be most effective. 

A basic problem of target selec- 
tion arises when several potential 
targets come within range of one 
weapon. The velocities of the at- 
tackers, their distances from the 
defended area, and various other 
factors must be weighed in decid- 
ing which target is most important. 
The function of a selection rule like 
the one the Bureau of Standards is 
attempting to construct is to com- 
bine all the relevant factors into a 
single composite criterion, which 
then yields an unambiguous choice 
of the best target among the at- 
tackers. Deciding precisely how 
the factors are to be combined re- 
quires a careful analysis of the rela- 
tionship between the various cri- 
teria and the objectives of the de- 
fense. 

Naturally, exact knowledge of 
the future course of the battle is 
not generally available. Probabil- 
istic predictions, while theoretically 
possible, would require extensive 
calculations quite incompatible 
with the requirement for rapid de- 
cision-making. In the N.B.S. ex- 
periments, a high-speed computer 
mimics air defense battles and re- 
ports the results of the various pos- 
sible target selections for a given 
situation. The computer moves the 
attackers and defense missiles along 
their paths, decides whether the 
defense missile has hit or missed, 
determines whether the attacking 
missile has reached its target, and 
keeps a detailed record of all the 
significant parts of the battle. With 
these computers, N.B.S. scientists 
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hope to obtain a simple, general 
selection rule which could be ap- 
plied effectively in actual battle 
situations. 


PORTABLE MISSILE TOWER 
DEVELOPED FOR ARMY 


A fifteen-story high portable 
missile service structure, believed 
to be the tallest and heaviest pneu- 
matic tire-mounted structure in 
this country, has been developed 
for use at missle test sites. The 
portable service tower was devel- 
oped by the U.S. Army Engineer 
Research and Development Lab- 
oratories, Fort Belvoir, Virginia, for 
use mainly in servicing missiles of 
the Redstone and Jupiter classes. 

Previous missile towers have 
been either fixed or rail-mounted. 
The new 151-ft, 350,000-Ib struc- 
ture, however, is mounted on two 
base trailers of six wheels each. 
The outboard rearmost wheels are 
driven by an electric motor, and 
the front wheels are steered by 
hydraulically operated cylinders 
controlled by an electric sensing 
device running on a steering track. 

After being positioned, the two 
crane hooks operating from the 
“hammerhead” top pick up the mis- 
sile and set it on its launcher. Jack 
pads are lowered and the structure 
is lifted off its tires until the time 
for roll back. 

The tower has six adjustable 


platforms for use by engineers and 
scientists in preparing a missile for 
flight. It also has two elevators, a 
complete intercom system, and a 
“panic button” designed for use at 
the most critical moment of missile 
fueling. If a fire should start, a 
te of the button causes the plat- 
orms to back from around the 
missile, lifts the jacks up off the 
ground, and wheels the tower itself 
away from the fire. The entire 
tower structure can be dismantled 
into flat panels to be stacked in 
transport trailers for movement by 
aircraft or truck. 


NEW ENGLAND GETS ITS FIRST 
REACTOR POWER STATION 


Construction of New England's 
first nuclear electric generating sta- 
tion is to begin this year. The plant 
is to be built for the Yankee Atomic 
Electric Company in Rowe, Massa- 
chusetts. 

The 165-ton reactor vessel to be 
used in the station was shipped re- 
cently from the Babcock and Wil- 
cox plant in Barberton, Ohio, to 
the plant site in Massachusetts. The 
vessel, 27 ft long and 13 ft wide, 
was carried by a_ specially-built 
depressed flatcar three times the 
length of the ordinary freight car. 

The new 134,000 kw plant will 
be of the pressurized-water type 
and will use slightly enriched 
U-235 as fuel. 


A 165 ton nuclear reactor vessel starts on its way to Rowe, Mass., where the Yankee 
Atomic Electric Company is erecting New England's first atomic electric generating 
station. The reactor, 27 feet long and 13 feet in diameter, required a specially-built 


flat car three times the length of the ordinary freigh' 


it car. 
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A steam-propelled aeroplane was 
built in 1893 by Mr. C. A. Parsons 
of turbine fame. London Engineer- 
ing describes it as an aeroplane of 
two wings and a tail built of a silk 
covered cane frame-work, the whole 
machine with its spirit lamp steam 
engine weighing only three and one- 
half pounds. It has made several 
successful flights of about one hun- 
dred yards.—The Sibley Journal, 
April, 1910. 


The object of summer work for 
undergraduates is either to make 
money for the next University year, 
or to gain professional experience. 
It is nearly impossible to combine 
these two objects since experience 
and resulting skill are necessary to 
earn money, Therefore if the first 
consideration is a maximum saving 
at the summer's end, it is best to 
do what one is most skilled in do- 
ing. But if the object is professional 
advancement it is best to do that 
which produces a maximum result 
toward that end. 

The graphical record of engi- 
neering ideas and the materializa- 
tion of engineering ideas are funda- 
mental to all engineering work. 
This means drafting and shop work. 
Experience comes fastest if one 
begins at the beginning and goes 
forward logically. It seems there- 
fore that the greatest result would 
come from work in the drafting 
room or shop. The shop work may 
take the form of construction and 
this gives large returns, especially 
if it is construction of extensive 
engineering work. 

Professional experience does not 
usually come fastest thru the actual 
work one does, but thru the larger 
work one sees done. The work in 
hand may be an unimportant de- 
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tail, but the work in sight should 
be extensive and suggestive. There- 
fore summer work should prefer- 
ably be in large establishments. 
The electrical student should not 
wire a house or test meters to get 
experience. The mechanical engi- 
neer should not work for a model 
maker. Both should get into the 
midst of some large engineering 
enterprise. 

Summer work, whatever its ob- 
ject, should not cover the entire 
time between University sessions 
unless by fortunate chance it is 
health producing work in the open 
air. At least two weeks should be 
given to recreation.—The Sibley 
Journal, April, 1910. 


... Of course there are men who 
are all the time on the watch for a 
soft snap, and there is a very much 
larger number who think they want 
to take it easy, but time and again 
you will find those of the latter 
class working hard and willingly 
under a good superior. We Ameri- 
cans are a nation of large talkers. 
We won't do this and we won't do 
that. We stand on our rights and 
assert our independence. But let 
there be something to be done and 
the first thing you know all are so 
busy doing it that the boast and 
talk are forgotten. This is the sav- 
ing grace that has made us the 
greatest nation on earth and should 
keep us such for generations to 
come.—The Civil Engineer, April, 
1910. 


Within the past year and a half, 
the writer has employed 31 gradu- 
ate engineers, about 24 of whom 
were out of college less than a year. 

The disheartening truth gradu- 
ally dawned upon the writer that 
scarcely one of these men could 


be relied upon not to make radical 
errors... 

One graduate spent a week in 
looking for errors in his level lines 
in a desolate swamp, and when his 
original notes were sent to the 
office and checked, glaring errors 
in arithmetic were found in them... 

And yet this corps was, on the 
whole, an excellent set of engi- 
neers, as young engineers go, Hon- 
orable, energetic, ambitious, willing 
to go into rough and thorny places 
—lacking only an appreciation of 
the importance of Precision, with- 
out which the work of an engineer 
is worthless unless checked. 

An inexperienced college gradu- 
ate should never be relied upon to 
make a survey and report a cor- 
rect result until his work has been 
checked, cross-checked, and re- 
checked. — The Civil Engineer, 
April, 1910. 


. . . Over one hundred men will 
take their degree this June, and al- 
though employing a graduate may 
not at first be a g financial in- 
vestment, we quote a prominent 
engineer as saying, “Somebody had 
to give me my first experience, and 
I am ready to take my turn with 
an unexperienced graduate.”—The 
Civil Engineer, April, 1910. 


Tiny Tim is the name of the 
smallest engine in the world. It is 
made of gold and steel, and is so 
small that a common house fly 
seems large in comparison. It 
weighs just four grains complete, 
which is the weight of an ordinary 
match. It takes over 100 such en- 
gines to weigh one ounce, almost 
two thousand to weigh a pound, 
and more than 3,000,000 to weigh 
a ton. 


45 


‘ 
: 
‘ 
H 
a 
‘ 
3 


Still Undecided ? 


before making final plans for the future 
consider HRB-SINGER, INC. 


In planning your career, examine the opportunities available at HRB- 
SINGER, one of the countfy’s fastest-growing research organizations. 


Freedom of investigation, excellent laboratory facilities—two very 
important factors in the solving of creative problems . . . are inherent 
to the HRB working philosophy. Combine these elements with HRB’s 
diversified activity in military and industrial research and the re- 
sult is a highly favorable environment for productive research and 
development. 


Rapid advancement, congenial small town living, and company-paid 
graduate study at The Pennsylvania State University, are some of the 
many HRB benefits. 


Join a team of creative experts and expand your knowledge while 
making significant contributions in military and industrial research. 
Opportunity for the young engineering graduate at HRB-SINGER 
has never been more promising. 


TECHNICAL APPOINTMENTS ARE BEING MADE IN THE FOLLOWING 
AREAS: Communications Countermeasures Reconnaissance In- 
telligence » Human Factors > Weapons Systems Studies and Analysis 
* Nuclear Physics » Antenna Systems + Astrophysics + Operations 
Research 


Write in confidence: Personnel Department R-6, HRB-SINGER, INC. 
Indicate your interests along with a résumé—an interview will be 
planned accordingly. 


SINCER 


HRB-SINGER, INC. 


Hi "4 B A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY J 
‘ Science Park, State College, Pa. 


The engine bed and stand are of 
gold. The shaft runs in hardened 
and ground steel bearings inserted 
in the gold bed. These bearings are 
counterbored from the inside to 
form a self-oiling bearing. The fly 
wheel has a steel center and arms, 
with a gold rim, and the complete 
wheel weighs one grain. 

. .. The stroke is one thirty-sec- 
ond of an inch; bore, three hun- 
dreths of an inch, Seventeen pieces 
are used in the construction of this 
engine. 

The speed of the engine is 6,000 
revolutions per minute. When run- 
ing 100 a second, no motion is vis- 
ible to the eye, but it makes a noise 
like the noise of a mosquito. The 
horsepower is one 489-thousandth 
of one horsepower. 

Compressed air is used to turn it; 
and it may be of interest to note 
that the amount required to make 
it hum can easily be borne on the 
eyeball without winking. — The 
Sibley Journal, April, 1910. 


Strongly does Bishop Williams 
bring before us the point that we 
must first be men, live the lives of 
men, and then be “Craftsmen.” To 
live the lives of men is to live in 
sympathy with the surrounding 
world, It is to live a rounded life 
with broad interests, and not to be 
drawn into the narrow circle with 
the limits of a particular field of 
engineering as the circumference. 
The other professions have an ad- 
vantage in this respect over engi- 
neering in that their work deals 
largely with men and the lives of 
men, while the engineer deals more 
with the material world. The engi- 
neer must therefore make an effort 
to interest himself in things outside 
his craft, and guard against getting 
into a rut. 

Merely to make a living or to 
live for the pleasure of physiologi- 
cal functions is not life; these do 
not give satisfaction. After many 
other formulas of life have failed, 
one finds that the only formula that 
truly satisfies is to live for the 
realization of high ideals. This does 
not mean that such ideals will be 
fully realized in one’s life; on the 
contrary, realized ideals become 
hindrances to further development, 
if considered as final goals, To live 
for ideal tendencies is a better 
definition of the purpose of life. 
The Sibley Journal—October, 1909. 
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STRESS STRAIN... 


The teacher was quizzing the 
class. 

“Now who can tell me who gave 
us our nice schoolhouse?” 

“President Eisenhower, teacher.” 


“That's right, Tommy. Who 
knows who gave us our beautiful 
parks?” 


“President Eisenhower, teacher.” 

“That's right, Mary. And who 
gave us the bird and the bees, the 
flowers and the trees?” 

“God did, teacher.” 

Voice from the back of the room. 
“Throw that Democrat outa here!” 


Wife: “I thought you were going 
to the lodge meeting tonight?” 

Husband: “It was postponed. 
The wife of the Grand Exalted 
Invincible Supreme  Potentate 
wouldn't let him out tonight.” 


Boss: “Shame on you. Do you 
know what we do with office boys 
who tell lies?” 

Boy: “Yes, sir, when they get old 
enough the firm sends them out as 
salesmen.” 

Luke: Gosh, but I'd like to make 
your dreams come true. 

Lulu: I'll slap your face if you 
try it. 

A lobbyist who was opposing any 
large state appropriation for Cornell 
‘approached a legislator who boast- 
_ed of his self-education. 

“Do you realize,” asked the portly 
lobbyist gravely, “that at Cornell 
men and women students have to 
use the same curriculum?” 

The legislator looked startled. 
~ “And that boys and girls often 
matriculate together?” 

“No!” exclaimed the lawmaker. 

The lobbyist come closer and 
whispered, “And a young lady 
student can be forced at any time 
to show a male professor her 
thesis?” 

The legislator shrank back in 
horror, “I won't vote ’em a damn 
cent!” 
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Due to circumstances beyond 
our control, the joke originally 
scheduled for this space was cen- 
sored by the editor. Please stand 


“See this jewelry?” said the soror- 
ity pledge. “It once belonged to a 
millionaire.” 

“Gosh,” gasped an impressed sis- 
ter, “what was his name?” 

“Woolworth,” the pledge replied. 


* 


A father was trying to point out 
the advantages of a good clean life 
to his son. 

“Son, I know a man who doesn't 
drink, smoke, or chase women and 
he just celebrated his 100th birth- 
day.” 

Small son: “How?” 

* * 


“Did you get home from that 
party all right last night?” 

“Yeah, except when I was going 
up the stairs in the dorm some idiot 
stepped on my hand.” 


Appearances deceiving. 
Whenever you see a big house 
without any plumbing there is 
usually something behind it. 


Police Sergeant: “College stu- 
dent, eh?” 

Prisoner: “Yes, Sir.” 

Patrolman: “It’s a_ stall. I 
searched his pockets and found 
money in them.” 


Two cockroaches were lunching 
in a dirty sewer. One was talking 
about the spotless new neighbor- 
hood restaurant, from which they 
had been barred. 

“I hear,” said one cockroach, 
“that the refrigerators shine like 
polished silver. The floors sparkle 
like diamonds. Why, the place is 
so clean—” 

“Please, Please!” interrupted the 
second cockroach, “Not while I’m 
eating!” 


A woman approached the pearly 
gates and spoke to St. Peter. 

“Do you know if my husband is 
here? His name is Jones.” 

“Lady, we have lots of them 
here. You'll have to be more spe- 
cific.” 

“Joe Jones.” 

“Lotsa those too. You'll have to 
have more specifications.” 

“Well, when he died he said that 
if I were untrue to him, he’d turn 
over in his grave.” 

“Oh, you mean ‘Pinwheel Jones’.” 

A group of prohibitionists look- 
ing for the advantages of total ab- 
stinence were told of an old man 
102 years old who had never 
touched a drop in his life. So they 
rushed to his home to get a state- 
ment. After propping him up in 
bed and guiding his feeble hand 
along the dotted line, they heard 
a violent disturbance coming from 
another room — furniture being 
broken, dishes smashed, and the 
shuffling of feet. “Good heavens, 
what’s that?” they gasped. “Oh,” 
whispered the old man as he sank 
exhaustedly into his pillows, “that’s 
Pa—he’s drunk again.” 

The little child was sitting de- 
murely on the couch, watching 
her mother smoking a cigarette. 
Her little nose was wrinkled and 
in her pale blue eyes was an ex- 
pression of disillusionment. Finally, 
unable to stand it any longer, she 
burst in her quavering falsetto: 

“Mother, when the heck are you 
going to learn to inhale?” 

A bored cat and an interested 
cat were watching a game of 
tennis. 

“You seem very interested in 
tennis,” said the bored cat. 

“It’s not that,” said the inter- 
ested cat, “but my old man’s in 


the racket.” 


“Oh, here’s the place Mother told 
me to stay away from—I thought 
we'd never find. it.” 
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With the IBM Sage 


computer, Air Force personnel view computer- 


igenerated displays projected in the Command Post. 


-you'l find Photography at Work with you 


creasingly important in the business 
and industry of tomorrow, there 
are new and challenging oppor- 
tunities at Kodak in research, en- 
gineering, electronics, design, sales, 
and production. 


Tue engineer working in elec- 
tronics finds photography one of 
his most valuable tools. For ex- 
ample, he uses camera and film 
to capture and study the fleeting 
transient on the oscilloscope face. 


X-rays and film provide him 
with a check on the internal in- 
tegrity of sealed components. 
Even intricate circuits can be 
printed and miniaturized by 
photographic methods. 


There’s hardly a field on 


which you can set your sights 
where photography does not play 
a part in simplifying work and 
routine. It saves time and costs 
in research, on the production 
line, in the engineering and sales 
department, in the office. 


So in whatever you plan to 
do, take full advantage of all the 
ways photography can help. 


CAREERS WITH KODAK: 
With photography and photo- 
graphic processes becoming in- 


EASTMAN KODAK COMPANY 
Rochester 4, N.Y. 


If you are looking for such an 
interesting opportunity, write for in- 
formation about careers with Kodak. 

Address: Business and Technical 
Personnel Department, 
Eastman Kodak Company. 
Rochester 4, N.Y. 
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Q. Why does your company have train- 
ing programs, Mr. Abbott? 


A. Tomorrow’s many positions of major 
responsibility will necessarily be filled by 
young men who have developed their 
potentials early in their careers. General 
Electric training programs simply help 
speed up this development process. 

In addition, training programs provide 
graduates with the blocks of broad ex- 
perience on which later success in a 
specialization can be built. 

Furthermore, career opportunities and 
interests are brought into sharp focus 
after intensive working exposures to 
several fields. General Electric then gains 
the valuable contributions of men who 
have made early, well-considered deci- 
sions on career goals and who are con- 
fidently working toward those objectives. 


Q. What kinds of technical training pro- 
grams does your company conduct? 


A. General Electric conducts a number 
of training programs. The G-E programs 
which attract the great majority of 
engineering graduates are Engineering 
and Science, Manufacturing, and Tech- 
nical Marketing. 


Q. How long does the Engineering and 
Science Program last? 


A. That depends on which of several 
avenues you decide to take. Many gradu- 
ates complete the training program dur- 
ing their first year with General Electric. 
Each Program member has three or four 
responsible work assignments at one or 
more of 61 different plant locations. 
Some graduates elect to take the Ad- 
vanced Engineering Program, supple- 
menting their work assignments with 
challenging Company-conducted study 
courses which cover the application of 
engineering, science, and mathematics to 
industrial problems. If the Program mem- 
ber has an analytical bent coupled with a 
deep interest in mathematics and physics, 
he may continue through a second and 


One of a series 


Interview with 


General Electric’s Earl G. Abbott, 
Manager—Sales Training 


Technical Training Programs 


at General Electric 


third year of the Advanced Engineering 
Program. 

Then there is the two-year Creative 
Engineering Program for those graduates 
who have completed their first-year 
assignments and who are interested in 
learning creative techniques for solving 
engineering problems. 

Another avenue of training for the 
qualified graduate is the Honors Program, 
which enables a man to earn his Master’s 
degree within three or four semesters at 
selected colleges and universities. The 
Company pays for his tuition and books, 
and his work schedule allows him to earn 
75 percent of full salary while he is going 
to school. This program is similar to a 
research assistantship at a college or 
university. 


Training Program help prepare me for 


Just how will the Manufacturing 


a@ career in manufacturing? 


A. The three-year Manufacturing 
Program consists of three orientation 
assignments and three development 
assignments in the areas of manufacturing 
engineering, quality control, materials 
management, plant engineering, and 
manufacturing operations. These assign- 
ments provide you with broad, funda- 
mental manufacturing knowledge and 
with specialized knowledge in your 
particular field of interest. 

The practical, on-the-job experience 
offered by this rotational program is sup- 
plemented by participation in a manu: 
facturing studies curriculum covering 
all phases of manufacturing. 


Q. What kind of training would I get 
on your Technical Marketing Program? 


A. The one-year Technical Marketing 
Program is conducted for those graduates 
who want to use their engineering knowl- 


edge in dealing with customers. After 
completing orientation assignments in 
engineering, manufacturing, and marf@t- 
ing, the Program member may speciaffve 
in one of the four marketing areas: appli- 
cation engineering, headquarters market- 
ing, sales engineering, or installation and 
service engineering. 

In addition to on-the-job assignments, 
related courses of study help the Program 
member prepare for early assumption of 
major responsibility. 


Q. How can | decide which training 
program | would like best, Mr. Abbott? 


A. Well, selecting a training program is 
a decision which you alone can make. You 
made a similar decision when you selected 
your college major, and now you are 
focusing your interests only a little more 
sharply. The beauty of training programs 
is that they enable you to keep your 
career selection relatively broad until you 
have examined at first hand a number of 
specializations. 

Furthermore, transfers from one Gen- 
eral Electric training program to another 
are possible for the Program member 
whose interests clearly develop in one 
of the other fields. 


Personalized Career Planning 
is General Electric’s term for the 
selection, placement, and pro- 
fessional development of engi- 
neers and scientists. If you would 
like a Personalized Career Plan- 
ning folder which describes in 
more detail the Company’s train- 
ing programs for technical gradu- 
ates, write to Mr. Abbott at Sec- 
tion 959-13, General Electric 
Company, Schenectady 5, N. Y. 
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